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Chapter 1 
Introduction 



1.0 OVERVIEW 

The Zilog Z8038 FIO (FIFO Input/Output Interface 
Unit) is a 128-byte buffer that interfaces two 
CPUs or a CPU and a peripheral device. Multiple 
FIOs can be used to create a 16-bit or wider data 
path, or two can be connected to form a 256-byte 
FIFO RAM buffer. 

The FIO manages data transactions by assuming one 
of 12 operating modes, using one or more of the 
following signal configurations: Z-8US high-byte 
microprocessor, Z-BUS low-byte microprocessor, 
non-Z-BUS microprocessor, interlocked 2-wire hand- 
shake I/O, and 3-wire handshake I/O. These 
configurations interface dissimilar CPUs or CPUs 
and peripheral devices running at different speeds 
or under different protocols. This allows 

asynchronous data transactions and byte-per-cycle 
DMA operat ion and cuts I/O overhead by as much as 
two orders of magnitude. Figures 1-1 and 1-2 
illustrate pin functions and pin assignments. 
Appendix A gives the pm assignments for all 12 
operating modes. 

1.1 ARCHITECTURAL DESCRIPTION 

The FIO provides an asynchronous, 128-byte FIFO 



buffer between two CPUs or between a CPU and a 
peripheral device. Figure 1-3 shows the general 
architecture of the FIO. Two or more FIOs can be 
used in parallel to create a 16-bit or larger 
interface. Figure 1-4 shows a 32-bit interface 
constructed from four FIOs. Two FIOs can be com- 
bined to create 256 bytes of buffer space, and 
additional buffer space can be provided by adding 
one or more Z8060 FIFO buffers. Figure 1-5 shows 
a 512-byte buffer constructed from two FIOs and 
two FIFOs. 

The two ports (1 and 2) are controlled through 16 
programmable, directly accessible registers. 
These registers specify the operating mode of the 
FIO and provide a message register for CPU-to-CPU 
communication without involving the FIFO buffer. 

The FIO supports DMA operation by facilitating 
variably-sized block transfers and data trans- 
actions to or from memory each machine cycle. 
Since devices can write to or read from either 
side of the FIO buffer asynchronously, as well as 
enable interrupts upon specified conditions, 
system I/O overhead can be significantly reduced. 
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Figure 1-3. FIO Functional Block Diagram 



FROM CHIP 
SELECT- 
LOGIC 



?/ L -r J S|» 



TR0L V - ^/ 

Dp-D 7 ( AD0-AD7 ) 

■ N i i — v 



FROM CHIP 
SELECT 
LOGIC 



Ao-A) Ao-A] 



7 



FIO 

Do-Dt D0-D7K AD„-AD 2 3 

(HIGH BYTE) 



I — *- ( 



1 



Figure 1-4. FIO 32-8it Width Expansion 
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1.2 FUNCTIONAL DESCRIPTION 

The FIO manages data transfers by assuming one of 
the 12 operating modes listed in Table 1-1. These 



modes are various combinations of the five inter- 
facing protocols described in Section 3.1. 
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Ine tivo interfacing protocols ar>- Z-BUS hioh-byte 
microprocessor, Z-BUS ln»-hyl.e ■icrcproeaSSOr, 
non-Z-3US mii:r.uprocfcosur la ^,.*!iaj.Lieii microproc- 
essor interface), 2-wire interlocked handshake, 
ana 3-wire handshake. Pin:, A through J carry the 
signals used in these interfaces; Table 1-2 shows 
the pin assignments for each of the interfaces. 
Also see Appendix A for all 12 pin assignments. 

Sixteen programmable registers control each port. 
Unce the operating mode is specified, the internal 



r.»n -rr-rc-r.cti to zpeci.fi ii\t diruclit-ri 
of data tr«>«ft-r, the trarsfcr of inter-CPU .iics- 
sage bytes, external interrupt control, and 
various internal interrupt conditions. 

The FIO improves I/O transaction efficiency by 
providing seven sources of interrupt generation, 
the FIO also provides an Interrupt vector that can 
be programmed to identify the reason for the 
interrupt. Section 3.3 describes the internal and 
external interrupt operation of the FIO in detail. 



Table 1-2. Pin AssignaentE 
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1.3 FIO IN DISTRIBUTED NETWORKS 

In typical interfacing applications, such as the 
distributed processing system shown in Figure 1-6, 
the Port 1 CPU (Z8Q02) loads a aeries of bytes to 
the FIQ's Port 1 registers. This block of control 
information characterizes the FIO's signal config- 
uration for a specific transaction. The Port 2 
CPU can then specify Port 2 operating conven- 



tions. The Port 1 CPU remains in control, dynami- 
cally reading or writing to the Port 1 registers, 
either to cause a single change or to replace an 
entire block of control bytes as specified. 

The power and flexibility of the FIO is realized 
through sound programming techniques. Chapter 4, 
"Interfacing the FIO," introduces basic FIO inter- 
facing concepts. 
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Chapter 2 

Architectural Description 



2.0 OVERVIEW 

As Figure 1-3 shows, the FIO architecture is or- 
ganized as two sets of interface logic and reg- 
isters. Once programmed, these registers define 
the two groups of signal lines (A-J) that provide 
interfacing and timing data to control data flow 
into and out of the FIO. Table 2-1 shows how 
control signals are mapped to these pins in each 
of the five interfacing protocols. (See Appendix 
A for all 12 pin assignments.) 

This chapter also describes the 16 registers in 
each side of the FIO: the Control registers, Data 
Buffer register, Byte Count registers, Pattern 
Match registers, Message registers, and the Inter- 
rupt Status registers. All registers are directly 
addressable, although in certain operating modes 
registers must be addressed indirectly. Also see 
Appendix B which has a register summary. This 
summary is useful as a programming reference. 

2.1 REGISTER ARCHITECTURE 

Thirty-two registers (16 for each port) control 
the operating modes and pin signals of the FIO. 
All registers are addressable and can be read from 
or written to, except the Byte Count and Message 
In registers, which are read only. All 16 reg- 
isters are used by Port 1; Port 2 uses all 16 ex- 
cept for Control Register 2. These registers are 
organized into six groups that control 3imilar 
functions or signals. 

The Control registers define the operating mode 
for both ports, as well as control device-level 
interrupts, some functional interrupts, address- 
ing, Reset, Request/Wait, Data Direction, and 



Clear. The Data Buffer register buffers data into 
and out of the 128-byte FIFO. The Byte Count reg- 
isters monitor the number of bytes left in the 
FIFO buffer and provides a compare byte for 
interrupt generation when a specified value is 
reached during data transfers. The Pattern Match 
registers hold a bit pattern that is compared with 
the byte in the data buffer. If the bit patterns 
match, the FIO requests an interrupt. They also 
provide a mask byte, which forces true comparisons 
for any bit set. The Message registers transfer 
byte messages between Port 1 and Port 2 CPUs when 
in the CPU-to-CPU interface modes. The Interrupt 
Status registers control generation of interrupt 
requests. The following sections describe these 
registers in detail. 

2.1.1 Register Addressing 

Z-BUS High and Low Byte. The Right Justify 
Address (RJA) bit in Control Register specifies 
the bits used in register addressing. In the 
Z-BUS low-byte configuration, when RJA is (the 
default condition), Address/Data lines AD-j-AD^ 
carry the register address. When RJA is 1, 
Address/Data lines ADq-ADj carry the register 
address, allowing CPUs to place a 4-bit address on 
the lowest nibble of the Address/Data lines. 
Table 2-2 describes FIO register addressing. 

The Z-BUS high-byte configuration is normally used 
with another FIO in the Z-BUS low-byte configura- 
tion, forming a 16-bit interface. In this con- 
figuration, Address/Data lines ADq-ADj or AD^-AD^, 
are wired to pins G-J, as appropriate, and the RJA 
bit does not affect register addressing. Section 
3.1.3 describes FIO operation in these configura- 
tions. 
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21 
19 
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Signal 
Description 



Mj ana My program Port 1 
siae CPU interface 

DC power source 
DC power ground 



Z-BUS 
Low Byte 
Mode 



Pin 

Signals 



Pin 



Pin NumUrl 
Port 
1 2 



AD0-AD7 

EEQ'WAiT 
(Request/Wait) 



DMASTB 
(Direct Memory 
Access Strobe) 

DS 

(Data Strobe) 
R/W 

(Read/Write) 
CS 

(Chip Select) 
AS 

(Address Strobe) 



INTACK 

(Interrupt 

Acknowledge) 

IEO 

(Interrupt 
Enable Out) 

IE1 

(Interrupt 
Enable In) 

INT 

(Interrupt) 



D0-D7 
A 

B 

C 
D 
E 
F 
G 



11-18 29-22 

1 39 

2 38 

37 
36 
35 
34 
33 

8 32 

9 31 

10 30 



Signal 
Description 



Multiplexed bidirectional address/data lines, Z-BUS 
compatible. 

Output, active Low, REQUEST (ready) line for DMA 
transler; WAIT line (open-drain) output for syn- 
chronized CPU and FIO data transfers. 

Input, active Low. Strobes DMA data to and from 
the FIFO buffer. 



Input, active Low. Provides timing for data trans- 
fer to or from FIO. 

Input; active High signals CPU read from FIO; 
active Low signals CPU write to FIO. 

Input, active Low. Enables FIO. Latched on the 
rising edge of AS. 

Input, active Low. Addresses, CS and INTACK 
sampled while AS Low. 

Input, active Low. Acknowledges an interrupt. 
Latched on the rising edge of AS. 

Output, active High. Sends interrupt enable to 
lower priority device IEI pin. 

Input, active High. Receives interrupt enable from 
higher priority device IEO signal. 

Output, open drain, active Low. Signals FIO inter- 
rupt request to CPU. 
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Z-BUS High 
Byte Mode 



Pin 

Signals 



AD0-AD7 

REOVWAIT 
(Request/Wait) 



DMASTB 
(Direct Memory 
Access Strobe) 

DS 

(Data Strobe) 
R/W 

(Read/Write) 

CS 

(Chip Select) 
AS 

(Address Strobe) 
Ao 

(Address Bit 0) 
% 

(Address Bit 1) 
A 2 

(Address Bit 2) 

A3 

(Address Bit 3) 
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Names 



Pin Numbers 
Port 
1 2 



D0-D7 
A 
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C 
D 
E 

F 
G 
H 

I 

I 



11-18 29-22 



38 



9 
10 



37 
36 
35 
34 
33 
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31 
30 



Description 



Multiplexed bidirectional address/data lines, Z-BUS 
compatible. 

Output, active Low, REQUEST (ready) line for DMA 
transfer; WAIT line (open-drain) output for syn- 
chronized CPU and FIO data transfers. 

Input, active Low. Strobes DMA data to and from the 
FIFO buffer. 

Input, active Low. Provides timing for transfer of data 
to or from FIO. 

Input, active High. Signals CPU read from FIO; active 
Low signals CPU write to FIO. 

Input, active Low. Enables FIO. Latched on the 
rising edge of AS. 

Input, active Low. Addresses. CS and INTACK are 
sampled while AS is Low. 

Input, active High. With A], A2, and A3, addresses 
FIO internal registers. 

Input, active High. With Ao, A 2 , and A3, addresses 
FIO internal registers. 

Input, active High. With An. A\. and A3, addresses 
FIO internal registers. 

Input, active High. With An, Aj. and A 2 , addresses 
FIO internal registers. 
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Non-Z-BUS 
Mode 



Pin 

Signals 



Pin 



Pin Numbers 
Port 
1 2 



Signal 
Description 



Do-t>7 
REQ/WT 
(Request/Wait) 

DACK 

(DMA Acknowledge) 
RD 

(Read) 

WR 
(Write) 

CE 

(Chip Select) 
C/D 

(Control/Data) 

INTACK 

(Interrupt 

Acknowledge) 

IEO 

(Interrupt 
Enable Out) 

IEI 

(Interrupt 
Enable In) 

INT 

(Interrupt) 



D0-D7 
A 



11-18 29-22 
1 39 



10 



38 
37 
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35 
34 
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Bidirectional data bus. 

Output, active Low. REQUEST (ready) line lor DMA 
transfer; WAIT line (open-drain) output for syn- 
chronized CPU and FIO data transfer. 

Input, active Low. DMA acknowledge. 

Input, active Low. Signals CPU read from FIO. 

Input, active Low. Signals CPU write to FIO. 

Input, active Low. Used to select FIO. 

Input, active High. Identifies control byte on D0-D7; 
active Low identifies data byte on D0-D7. 

Input, active Low. Acknowledges an interrupt. 



Output, active High. Sends interrupt enable to 
lower priority device IEI pin. 

Input, active High. Receives interrupt enable from 
higher priority device IEO signal. 

Output, open drain, active Low. Signals FIO interrupt 
to CPU. 



Port 2-I/0 
Port Mode 



Pin 

Signals 



Pin 
Names 



Pin 

Numbers Mode 



Signal 
Description 



D0-D7 D0-D7 

RFD/DAV A 
(Ready for Data/Data 
Available) 

ACKIN B 
(Acknowledge Input) 

DAV/DAC B 
(Data Available/Data 
Accepted) 

FULL C 

DAORFD C 
(Data Accepted/Ready 
for Data) 



EMPTY 
CLEAR 
Data Direction 

Mi 

OUT, 

Output Enable 
OUT3 
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G 
H 
I 
J 



29-22 
39 

38 
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37 
37 

36 
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2- Wire HS* 

3- Wire HS 

2- Wire HS 

3- Wire HS 

2- Wire HS 

3- Wire HS 

2- Wire HS 

3- Wire HS 



2- Wire HS 

3- Wire HS 

2- Wire HS 

3- Wire HS 

2- Wire HS 

3- Wire HS 

2- Wire HS 

3- Wire HS 

2- Wire HS 

3- W,re HS 

2- Wire HS 

3- Wire HS 

2- Wire HS 

3- Wire HS 



Bidirectional data bus. 

Output. RFD active High . Sig nals peripherals that FIO 
is ready to receive data. DAV active Low signals 
that FIO is ready to send data to peripherals. 

Input, active Low. Signals FIO that output data is 
received by peripherals or that input data is valid. 

Input; DAV (active Low) signals that data is valid on 
bus. DAC (active High) signals that output data is 
accepted by peripherals. 

Output, open drain, active High. Signals that FIO 
buffer is full. 

Direction controlled by internal programming. Both 
active High. DAC (an output) signals that FIO has 
received data trom peripheral; RFD (an input) signals 
that the listeners are ready lor data. 

Output, open drain, active High Signals thai FIFO 
buffer is empty. 

Programmable input or output, active Low Clears all 
data irom FIFO buffer 

Programmable input or output. Active H;gh signals 
data snout to Port 2; Low signals data output Irom 
Port 2. 

Input line to D9 of Control Register 3. 



Output l.r.e Irom Dj of Control Register 3. 

Input active Low. When Low. enables bus drivers. 
When High, floats bus drivers at high impedance. 

Output hr.e from D3 of Control register 3 



"Handshake 



Table 7-2. Rptuster Aitrtresnirxi 



Non-Z-uuS 




7 -D« 


D 3 




U 1 






Z-flUS High 






*3 




V 


A 




I RJA - 

Z - BUS l -" Irja = 1 




AD 7 -AD^ 
AD 7 -AD 4 


A0 4 
AOj 


ADj 
AO 2 


AD 2 
AD, 


- AD, 
AD 


AD 



Description 














Conlrol Register Q 


X 














X 


Cont rol Register 1 


X 











1 


X 


Interrupt Slat us Register □ 


X 








1 





X 


Interrupt Status Register 1 


X 








1 


1 


X 


Interrupt Status Register 2 


X 





1 








X 


Interrupt Status Register 3 


X 





1 





1 


X 


Interrupt Vector Register 


X 





1 


1 





X 


Byte Count Register 


X 





1 


1 


1 


X 


Byte Count Comparison Register 


x 













X 


Control Register 2* 


x 










1 


X 


Control Register 3 


x 







1 





X 


Message Out Register 


X 







1 


1 


X 


Message In Register 


X 




1 








X 


Pattern Match Register 


X 




1 





1 


X 


Pattern Mask Register 


X 




1 


1 





X 


Data Buffer Register 


X 




1 


1 


1 


X 



x = Don 1 t Care 

♦Register is only on Port 1 side 



Non-Z-BUS (Nonaultiplexed) Microprocessor. In 

the non-Z-BUS microprocessor configuration, the 
FID connects to the system data bus via D n -D 7 but 
not to the address bus. The CPU must provide 
address information on the data bus and the FIO 
must distinguish between control and data bytes. 
The C/D line (pin F) is pulled tow to indicate 
that the byte on Data lines Dq-D 7 should go into 
the Data Buffer register. When the C/D line is 
held High, incoming bytes are interpreted as con- 
trol bytes. To write to any Control register, C/D 
is forced High; the address of the destination 
register is written to the Register Pointer, then 
read or written to the target register. Section 
3.1.4 describes FIO operation in the non-Z-BUS 
conf igurat ions . 

Port 2 I/O Mode. When Port 2 is programmed for 
either I/O Port mode, none of the Port 2 side Con- 
trol registers can be programmed. The only regis- 
ter available is Port 2's Data Buffer register. 



2.1.2 Control Registers 

Control Registers 0-3 define FIO operation accord- 
ing to their programming. The Port 1 Control reg- 
isters must always be programmed; the Port 2 Con- 
trol registers are functional only if Port 2 is in 



a CPU interface mode, and not if Port 2 is in an 
I/O interface mode. Even when Port 2 interfaces 
to a CPU, the Port 2 interface is disabled unless 
the Port 1 CPU enables Port 2 by setting bit in 
the Port 1 Control Register 2. Figure 2-1 shows 
the four Control registers. 

Unless noted in the following descriptions, the 
register architectures of Port 1 and Port 2 are 
ident ical. 

Control Register . Control Register controls 
the Master Interrupt Enable, Disable tower Daisy 
Chain, Nonvectored Interrupt, Vector Includes 
Status, Port 2 Operating Mode Select, Right Jus- 
tify Address, and Reset functions. All bits except 
Dg are forced to by Reset . Each of these func- 
tions is programmed by a single bit, except for 
the Port 2 Operating Mode Select, which requires 
two bits to program one of four possible inter- 
faces. When programming bits in this register, be 
careful not to accidentally change the Port 2 
Operating Mode Control bits, B, and Bq. 

If reset, bit 7 (Master Interrupt Enable) disables 
all interrupts from the FIO. If set, individual 
interrupts can be enabled by setting the appro- 
priate IE (Interrupt Enable) bit in the Interrupt 
Status registers. 
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Bit 6 (Disable Lower Daisy Chain), if set, dis- 
ables interrupt generation by devices with a lower 
priority on the 2-BUS interrupt daisy chain by 
forcing IEO Low. 

Bit 5 (No Vector On Interrupt), if set, floats the 
data bus outputs at high impedance during an 
active Interrupt Acknowledge signal. The interrupt 
source can be identified by polling the Interrupt 
Status registers' Interrupt Pending bits, or by 
testing to find which IUS bit was set. Do not set 
this bit when using the nonvectored interrupt on 
the Z8000. 

Bit 4 (Vector Includes Status), if set, codes the 
reason for the interrupt request into the Inter- 
rupt vector, where it can be read by the CPU. See 
Table 2-5 for the codes. 

Bits 3 and 2 program the Port 2 operating mode, as 
described in Table 1-1. In this table, bit 3 is 
shown as B-j and bit 2 is shown as Bq. (See also 
Figure 2-1 . ) 

Bit 1 (Right Justify Address), if reset, specifies 
that bits 1-4 of the Address/Data bus address the 
internal FIO registers. This convention is com- 
patible with the Z8001 and Z8002 byte I/O address- 
ing modes and is the default state. When this bit 
is set, it specifies that bits 0-3 of the bus 
address the internal FIO registers. This conven- 
tion supports other CPUs such as the Z8. Since 
the address of Control Register is 00 H , the 
setting of RJA has no effect on addressing this 
register in any mode. In the non-Z-BUS configu- 
rations, it is forced to 1. This bit has no 
effect in Z-BUS High Byte mode, since the address 
information comes in on pins G, H, I, and J. 

Bit (Reset), if set, forces the FIO into a reset 
state, with all Control registers cleared and all 
Port 2 outputs at high impedance. This bit must 
be reset before initialization can take place. 

Control Register 1. As shown in Figure 2-1, bits 
in Control Register 1 freeze the Byte Count reg- 
ister value, indicate transmitted or received mes- 
sages in the Message registers, stop request 
transfers upon pattern match or start request on 
Byte Count register true match, and enable Wait/ 
Request signals. All bits in this register are 
cleared by reset. 

Bit 7 of Control Register 1 is not used and must 
be programmed to 0.. This bit always reads 0. 

Bit 6 <fr*mze Byte fount), if „.t , f; •• . the 
prp«*«»nt valije in the Bvte Count i-p^ijle. sq Ihe 
CPU can ictain a stable v-'.j- : .< Since 



bytes can be transferred to and from FIO RAM while 
such a read is in progress, the frozen value in 
the Byte Count register might not reflect the on- 
going byte count within FIO RAM. Bit 6 is reset 
upon completion of the CPU read of the Byte Count 
register. The ongoing count appears in the Byte 
Count register after the read. 

Bit 5 (Message Register Out Full), if set, indi- 
cates that the CPU has placed a message in its 
Message Out register. This bit is reset when the 
receiving CPU reads the message in its Message In 
register. This bit is the other CPU's message IP 
bit and is a read-only bit. 

Bit 4 (Message Register Interrupt Under Service), 
if set, indicates that the other CPU has received 
a message in its Message In register. This bit is 
the message IUS (Interrupt Under Service) bit of 
the other CPU and is a read-only bit. 

Bit 3 (Stop Request On Pattern Match), if set, 
forces the request line High upon a true match 
between the current byte in the data buffer and 
the byte loaded into the Pattern Match register. 
DMA operation halts when the Request line is 
forced High. 

Bit 2 (Start Request On Byte Count), if set, 
forces the Request line Low upon a true match 
between the current count in the Byte Count regis- 
ter and the value loaded into the Byte Count Com- 
pare register. DMA operation starts when the 
Request line is forced Low. See Figures 3-17 and 
3-18 for more details. 

Bit 1 (Request/Wait), if set, selects the request 
function for use in high-speed data transfers, 
such as DMA transactions. If bit 1 is reset, the 
Wait function is selected (and the output is open 
drain) for use in lower-speed data transfers and 
CPU synchronization. 

Bit (Request/Wait Enable), if set, enables the 
Request/Wait signals (see bit 1) during CPU-to-CPU 
transactions. When reset, the Request/Wait pin 
is at high impedance. 

Control Register 2. Only bits and 1 are used in 
Control Register 2 (Figure 2-1). Bits 7 through 2 
3re not used and should be programmed to 0. These 
bits always read 0. Bits and 1 are cleared by 
reset. Only Port 1 has a Control Register 2. When 
the Port 2 CPU reads its Control Register 2, it 
will always read 00^. 

Bit 1 (Port 2 Side Handshaka Enanled), if set, 
enables Port 2 1/0 uptraticn when bits 2 and J of 
Control Register '-' specify «» i»t thu i/u inu.1- 



7---. 



sneke aodw shewn in table rf;cr this bit :s 

.uacl, Lite humiBhwwfrri *re disableu; kt u/GA v is 
force J iiipl>- 

Bit (Port 2 tnebled), if set, allows the Port 2 
CPU to program the Port 2 registers—when Port 2 
is programmed as a CPU interface — and to assume 
control of Port 2 operation. The Port 2 side is at 
high impedance until this bit equals 1. 

Control Register 3- Bits 7-4 in Control Register 
3 enable and control the Clear and Data Direction 
signals (Figure 2-1); bits 3, 1, and are simple 
I/O bits for the Port 1 CPU only. Bits 3-0 on the 
Port 2 side always read 0. Bit 2 is not used and 
must be programmed to 0; it will always read 0. 
All bits in this register are cleared to by 
reset. Bits 7 and 5 can be programmed only by the 
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Bit 7 (Clear, Port 2/Port 1), foi CPU-to-CPU oper- 
ation if set, speci f les that Port 2 CPU cont rols 
the Clear signal (bit 6). If bit 7 is reset, Port 

1 CPU controls the Clear signal. If Port 2 is 
programmed as an 1/0 port, this bit programs pin 
3b as either input or output (0 = output , 1 = 
input J . This bit can be programmed gnj y by the 
Port 1 CPU. This is a read-only bit for the Port 

2 CPU. See Section 3.10 for more details. 

Bit 6 (Clear FIFO Buffer), if reset, clears the 
FIO RAM buffer. Bit 7 controls which CPU issues 
Clear signals. (See preceding paragraph.) This 
bit becomes a read-only bit by the CPU not in 
control of the Clear function. 



Port 1 Control Register 3 

Address: 1010 
(Read/Write) 
[d,|d, d, jo, |d ; ;d ; |d,|d c ,| 



L_ PORT 2 SIDE-INPUT LINE (PIN 33)" 

PORT 2 SIDE-OUTPUT LINE (PIN 32f 

NOT USED (MUST BE PROGRAMMED 0) 

PORT 2 SIDE-OUTPUT LINE (PIN W>" 



- DATA DIRECTION BIT 

1 = INPUT TO CPU 

- OUTPUT FROM CPU 
■ Q = PORT 1 SIDE CONTROLS DATA DIRECTION 

1 = PORT 2 SIDE CONTROLS 
. m CLEAR FIFO BUFFER 



Port 2 Control Register 3 

Address: 1010 
(Read/Write) 

Pd~ D,, U, C. U 3 "p." ' p. t | 



SITS 0-3 ARE NOT 
■ USED AND MUST BE 
PROGRAMMED 



■ DATA DIRECTION BIT 
1 = INPUT TO CPU 
= OUTPUT FROM CPU 



• = CLEAR FIFO BUFFER 

= PORT 1 SIDE CONTROLS CLEAR ■ 

1 = PORT 2 SIDE CONTROLS CLEAR 



"ONLY WHEN PORT 2 IS AN IfO PORT OTHERWISE THIS BIT RETURNS 



•READ ONLY BITS 



Control Register 

Address: 0000 
(Read/Write) 

[ D, ' D, P., ; D, [ Dj D; 0, I D | 

L,. 



Li 



RESET 

- HT. JUST. AODRESS (RJA) 
• (8,KBo)- 

0= Z-BUS CPU 

1 = NON Z BUS CPU , 

1 = 3-WIRE HS I/O 
1 1 = INTERLOCKED HS 

■ 1 - VECTOR INCLUDES STATUS (VIS) 
1 - NO VECTOR ON INTERRUPT (NV) 

1 - DISABLE LOWER DAISY CHAIN (DLC) 

■ 1 = INTERRUPTS ENABLED (MIE) 



Control Register 2* 

Address: 1001 
(Rea d/Write) 
|d- p. p> 



D, 0, P.. C. "o7| 



Li 



L,. 



PORT 2 SIDE ENABLED 
PORT 2 SIDE HANDSHAKE ENABLED 
- BITS 2-7 NOT USED 
(MUST BE PROGRAMMED 0) 



"THIS REGISTER READS ALL 
O S FROM PORT 2 SIDE 



Control Register 1 

Address: 0001 
(Read/Write) 

| D T | O t j D t ' 0« : D 3 | 0, ■ D, ! D c j 

U, 



■ o ■ 



HEOUESTIWAIT ENABLED 
WAIT 



= REQUEST 
. 1 = START REOUEST ON BYTE COUNT 

- 1 = STOP REOUEST ON PATTERN MATCH 

- 1 - MESSAGE MAILBOX REGISTER UNDER 

- 1 = MESSAGE MAILBOX REGISTER FULL' 
■ 1 = FREEZE BYTE COUNT REGISTER 

- NOT USED (MUST BE PROGRAMMED 01 



Figure 2-1. Control Registers 0-3 
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Bit 5 (Data Direction, Port 2/Port 1), for CPU- 
to-CPU operation, if set, specifies that Port 2 
CPU controls the direction of data flow through 
FIO RAM. if bit 5 is reset, Port 1 CPU controls 
the Data Direction signal. If Port 2 is program- 
med as an I/O port, this bit programs pin 34 as 
either an input or an output (0 = output, 1 = 
input). This bit can be programmed only by the 
Port 1 CPU. This is a read-only bit for the Port 
2 CPU. See Section 5.10 for more details. 

Bit 4 (Data Direction), if set, specifies that 
data moves from the FIO into the CPU (1 = input to 
CPU; s output from CPU). If bit 4 is reset, 
data moves from the controlling CPU into the FIO. 
When Port 2 is an I/O port, a zero (0) on the Data 
Direction pin (pin 34) means that Port 2 is an 
output handshake port. Conversely when the Data 
Direction pin is a one (1), Port 2 is an input 
handshake port. 

Bits 3 and 1 are Port 2 outputs (pins 30 and 32, 
respectively) when Port 2 is programmed as an I/O 
port. These bits always read for the Port 2 
CPU. 

Bit 2 is not used and must be programmed to 0. 
This bit always reads 0. 

Bit reads pin 33, a Port 2 input, when Port 2 
is programmed as an 1/0 port. When Port 2 is not 
programmed as an 1/0 port, this bit reads 0. This 
bit always reads for the Port 2 CPU. 

2.1.3 Data Buffer Register 

The Data Buffer register (Figure 2-2) latches the 
byte written to or read from FIO RAM. When the 
Pattern Match register contains a compare byte, it 
is compared with the bytes passing through the 
Data Buffer register. 

2.1.4 Byte Count Registers 

There are two Byte Count registers (Figure 2-2). 
One contains the ongoing count of bytes present in 
FIO RAM; the other holds a byte value that is com- 
pared with this ongoing count. 

Byte Count Register. The Byte Count register 
contains an ongoing count of the number of bytes 
in FIO RAM. This value is the number of bytes 
written into RAM minus the number of bytes read 
from RAM. The largest value contained in this 
register 13 80 H (128 decimnt). This value can 



be frozen by setting bit Dj m Control Register 
1. This halts the count so an accurate read can 
be accomplished. This is a read-only register. 

Byte Count Coopare Register. The Byte Count Com- 
pare register is loaded with a byte value that is 
continuously compared with the ongoing byte count 
in the Byte Count register. The largest program- 
mable value is 7F H (127 decimal). Bit 7 always 
reads 0. If the Byte Count Compare Interrupt bit 
is set (see Interrupt Status Register 2), an 
interrupt occurs upon a true match. 

2.1.5 Pattern Match Regi3ter3 

The Pattern Match register contains a byte for 
comparison with the byte in the Data Buffer. The 
Pattern Mask register contains a byte pattern used 
to force a true match. 

The Pattern Match and Data Buffer registers are in 
an unknown state on power-up or after reset and 
may therefore match. This match may set the Pat- 
tern Match IP and the Pattern Match flag. 

Data Buffer Register 

Address: 1111 
(Read/Write) 

| D 7 j P t i Os [ D, | D, j O, | D, [ O j 

I I I I I I I I 
CONTAINS THE BYTE TRANSFERRED 
TO OR FROM FIFO BUFFER RAM 



Byte Count Register 
Address: 0111 
(Read Only) 

[ o, | o, | o, ; o. j o, ! p, | o,"fo7| 
I I I I I I I I 

REFLECTS NUMBER OF BYTES IN BUFFER 
THIS IS A HEAD-ONLY REGISTER. 



Byte Count Coopare Register 

Address: 1000 
(Read/Write) 

foTTD.;D, ;o. |0 a D, j 0, D, | 

i i i i i i i i 

CONTAINS VALUE COMPARED TO BYTE COUNT 
REGISTER TO ISSUES INTERRUPTS ON MATCH 

(BIT 7 ALWAYS 0.) 



Figure 2-2. Data Buffer aiid Byte Count Registers 



Pattern K*tc£i Reo-stei 
Address: 1 1(5l 
'.Head/write) • 

(|i>, . ft, U, O. O) ^ U, | d7| 

i i i i i i i i 

tTORES BYTE COM PA A EC' WITH 
BYTE IN DATA BUFFER REGISTER 



Pattern Mask Register 

Address: 1110 
(Read/Write) 

Id. 'c, d. d« 0, : d : d. ' r. ! 

i i i i i i i i 

IF SET, BITS fr7 MASK BITS &7 
IN PATTERN MATCH REGISTER- 
MATCH OCCURS WHEN ALL 
NON-MASKED BITS AGREE. 



Message Out Register 

Address: 101 1 
(Read/Write) 

| Pi j D t j Pi | D, ' 3 | I Di _[ P c| " 

I I I I I I I I 

STORES MESSAGE SENT TO MESSAGE 
IN REGISTER ON OPPOSITE PORT OF FIO 



Message In Register 

Address: 1100 
(Read Only) 

[IT D t D. ; D, | P, t O. j D, | D | 

I I I I I I I I 
STORES MESSAGE RECEIVED FROM MESSAGE 
OUT REGISTER ON OPPOSITE PORT OF CPU 



Figure 2-3. Pattern Hatch and Message Registers 



Pattern Match Register. The Pattern Match regis- 
ter (Figure 2-3) contains a byte for comparison 
with the byte in the Data Buffer register. As each 
byte in a data transaction passes through the Data 
Buffer register, it is compared with the value 
programmed in the Pattern Match register. Upon a 
true match, an interrupt can be generated if 
enabled in Interrupt Status Register 1. One or 
more bits in the Pattern Match register can be 
masked by the value in the Pattern Mask register. 



rat tern ttfegtstec* Uf •-.»•.• , -.. .. 

rr.rvifo 7-V oon(»ioQ p n»*l*»rfi i**#»ri In force 

a true match between the pattern in the Pattern 
Match register ana the pattern in Uie DuLa bullet 
register. if a Pattern Mask bit it. set, Uie coi- 
responding bit in the Pattern Match register al- 
ways matches the corresponding bit in the Data 
Buffer register. A match occurs when all non- 
masked bits agree. All 1s in this register forces 
a pattern match. This register is cleared to by 
reset . 



2.1.6 Message Registers 

The Message registers (Figure 2-3) transfer mes- 
sages between CPUs. Also see Section 3.4 for more 
informat ion. 

Message Out Register. The CPU sends a message by 
writing the byte into its Message Out register 
which also puts it in the other CPU's Message In 
register. When this is done, the receiving CPU 
receives an interrupt request (if the IE bit is 
enabled in Interrupt Status Register 0). The Mes- 
sage Out register of one CPU is the Message In 
register for the other CPU. 

Message In Register. The CPU receiving a message 
byte also receives an interrupt request (if the IE 
bit is enabled in Interrupt Status Register 0), 
which signifies that a message has appeared in its 
Message In register. This is a read-only 
register. 

2.1.7 Interrupt Registers 

There are four Interrupt Status registers, shown 
in Figure 2-4, which control and monitor the FIO 
internal interrupt functions. As explained in 
5ection 3.3, prioritized interrupts can occur if 
they are enabled. The CPU can read the appropri- 
ate status register to see if a specific interrupt 
condition is enabled; other bits in the Interrupt 
Status registers show if an interrupt is pending 
or if it under service. Each interrupt condition 
is described by three Interrupt Status bits: IE 
(Interrupt Enabled), IP (Interrupt Pending) and 
IUS (Interrupt Under Service). Refer to Section 
3.3 for details of FIO external interrupt 
operation and details for setting and resetting 
these bits. 
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Interrupt Status Register 0. In Interrupt Status 
Register 0, only bits 7, 6, and 5 are used. Bits 
4-0 must be programmed to 0; these bits always 
read 0. All bits are cleared to □ by reset. 

Bit 7 is the Message Interrupt Under Service (IUS) 
bit and, when set, indicates that a Message inter- 
rupt is under service by the receiving CPU. 

Bit 6 is the Message Interrupt Enable (IE) bit 
and, when set, indicates that a message interrupt 
will be issued when a message is received in the 
Message In register. 

Bit 5 is the Message Interrupt Pending (IP) bit 
and, when set, indicates that a message interrupt 
to the receiving CPU is pending. This bit is reset 
when the read of the Message In register is com- 
pleted. 



Interrupt Status Register 1. Interrupt Status 
Register 1 controls and monitors Data Direction 
Change interrupts and Pattern Match interrupts. It 
also shows if a true pattern match has taken 
place. All bits except D 1 and Dg are cleared by 
reset. Bits D 1 and D Q may be a 1 or Q depending 
upon whether a match condition exists or not. 

Bits 7, 6, and 5 show the status of Data Direction 
Change interrupts and are cleared by reset. When 
bit 7 is set, a Data Direction Change interrupt is 
under service. When bit 6 is set, Data Direction 
Change interrupts are enabled. When bit 5 is set, 
a Data Direction Change interrupt is pending. Bits 
7 and 5 can also be set or reset by program com- 
mand. Bit 6 is programmed set or reset. 

Bit 4 is not used and must be programmed to 0. 
This bit always reads 0. 



Interrupt Vector Register 

Address: 0110 
(Read/Write) 

f^~0, | O, | p. ■ o, ■ o, I o, | o. | 



MM 



VECTOR STATUS 



BUFFER EMPTY 
BUFFER FULL 
OVER/UNDERFLOW ERROR 
BYTE COUNT MATCH 
PATTERN MATCH 
DATA DIRECTION CHANGE 



-L 



Interrupt Status Register 

Address: 0010 
(Read/Write) 



. NOT USED 
(MUST BE PROGRAMMED 0) 

- MESSAGE INTERRUPT PENDING (IP) 
■ MESSAGE INTERRUPT ENABLE (IE) 

- MESSAGE INTERRUPT UNDER SERVICE (IUS) 



IUS, IE. AND IP ARE WRITTEN U 
THE FOLLOWING C 

NULL COOE 
CLEAR IP I, IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



Interrupt Status Register 1 

Address: 001 1 
(Read/Write) 



data direction change interrupt . 

under service (ius) 

□ ata direction change interrupt 
enable (ie) 

data direction change interrupt 
pending (ip) 
tus. ie. and ip are written using 
the following command. 

null code 

CLEAR IP ft IUS 
SET IUS 
CLEAR IUS 
SET IP 

CLEAR IP 
SET IE 
'"i EAR IE 



J 

1 







' 




1 


■■ 





1 


i 


1 







1 




1° 


1 


1 



Li 



1 - PATTERN MATCH FLAG* 
PATTERN MATCH INTERRUPT PENDING (IP! 

PATTERN MATCH INTERRUPT ENABLED dEl 

PATTERN MATCH INTERRUPT 

UNDER SERVICE ilUS) 

NOT USED 

iMUST BE PROGRAMMED 01 
IUS, IE. AND IP ARE WRITTEN US1NQ 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAA IP I IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 



m 



■mz^uLX srrs 



Bits 2. and 1 shov: the status Df Patter:. Hatch 
ir.teirupls. Wlien uil > is t>et, a Pattern Match 
interrupt is under service. Wlien bit 2 is set, 
Pattern Match interrupts are enabled. When bit 1 
is set, a Pattern Match interrupt is pending, 
bits 3 and 1 can also be set or reset by program 
command. Bit 2 is programmed set or reset. Be- 
cause of a possible match condition on power-up or 
reset, the match IP bit should be cleared before 
enabling the Pattern Match IE bit. 

Bit (Pattern Match Flag) is 1 whenever a true 
pattern match exists between the Data Buffer and 
the Pattern Match register. The Data Buffer reg- 
ister and the Pattern Match register initialize in 
an undefined state during reset or power-up. Con- 
sequently, the Pattern Match Flag bit can be set, 
indicating a false pattern match. If Pattern 



Match interrupts art-, not going to be need, tl'iis 
bit can be put in a known state, 1, by writing 
FF H to the Pattern Mask register. 

Interrupt Status Register 2. Interrupt Status 
Register 2 controls and monitors Byte Count Com- 
pare and Overflow and Underflow Error interrupts. 
This reqister is cleared to by reset. 

Bits 7, 6, and 5 show the status of Byte Count 
Compare interrupts. When bit 7 is set, a Byte 
Count Compare interrupt is under service. When bit 
6 is set. Byte Count Compare Interrupts are en- 
abled. When bit 5 is set, a Byte Count Compare 
Interrupt is pending. Bits 7 and 5 can also be set 
or reset by program command. Bit 6 is programmed 
set or reset. 



Interrupt Status Reqister 2 

Address: 0100 
(Read/Write) 



D t | D. , O, ! D 



BTTE COUNT COMPARE INTERRUPT - 
UNDER SERVICE IIUS, 

BYTE COUNT COMPARE INTERRUPT - 

ENABLE BQ 
BYTE COUNT COMPARE INTERRUPT - 
PENDING (IP) 



NULL CODE 
CLEAR IP A IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



j 0; o. a,~] 



L 



UNDERFLOW ERROR* 
ERROR INTERRUPT PENDING <ID) 
ERROR INTERRUPT ENAflLED (IE) 
ERROR INTERRUPT UND-IR SERVICE <t 
OVERFLOW ERROR" 



NULL CODE 

Clear ip t ius 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



Interrupt Status Register 3 

Address: 0101 
(Read/Write) 

[ D, | D t I D 5 I D, D, I 0; D, D | 



FULL INTERRUPT UNDER SERVICE (1US> 
FULL INTERRUPT ENABLE (IE) 
FULL INTERRUPT PENDING flP) - 
IUS, IE. AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND-. 

NULL CODE 
CLEAR IP 1 IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



il 



Li 



BUFFER EMPTY- 
EMPTY INTERRUPT PENDING (IP) 
EMPTY INTERRUPT ENABLE (IE) 



BUFFER FULL* 

IUS. IE. AND IP ARE WRITTEN U 
THE FOLLOWING COMMAND 

NULL CODE 
CLEAR IP & IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 



Figure 2-4- Interrupt Registers 0-3 and Interrupt Vector Register, continued 
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Bit 4 is set whenever an attempt is made to write 
into a full FIO (Overflow Error). This bit is 
cleared when the Error IP bit is cleared. This 
bit is not set when the Wait function is program- 
med. 

Bits 3, 2, and 1 show the status of Error inter- 
rupts. These bits control overflow and underflow 
errors; the CPU must read bits Q and 4 to deter- 
mine whether overflow or underflow conditions 
apply. When bit 3 is set, an Error interrupt is 
under service. When bit 2 is set, Error inter- 
rupts are enabled. When bit 1 is set, an Error 
interrupt is pending. Bits 3 and 1 can also be 
set or reset by program command. Bit 2 is pro- 
grammed set or reset. 

Bit □ is set whenever an attempt is made to read 
from an empty FIO (underflow error). This bit is 
cleared when the Error IP is cleared. This bit is 
not set when the Wait function is programmed. 

Interrupt Status Register J. Interrupt Status 
Register 3 controls and monitors Buffer Full and 
Buffer Empty interrupts. All bits except Dg are 
cleared by reset. 

Bits 7, 6, and 5 show the status of Buffer Full 
interrupts. When bit 7 is set, a Buffer Full 
interrupt is under service. When bit 6 is set, 
Buffer Full interrupts are enabled. When bit 5 is 
set, a Buffer Full interrupt is pending. Bits 7 
and 5 can also be set or reset by program com- 
mand. Bit 6 is programmed set or reset. In CPU- 
to-I/Q operation for handshake, the full IP bit is 
set when the buffer is full and the Full pin (pin 
37) is High. For the 3-wire handshake the Buffer 
Full IP is set when the FIO buffer is full. 

Bit 4 is a 1 when the FIO buffer is full in CPU- 
to-CPU operation. In CPU-to-I/0 operation for 

2- wire handshake, bit 4 is 1 when the buffer is 
full and the Full pin (pin 37) is High. For the 

3- wire handshake this bit is a 1 when the FIO buf- 
fer is full. 

Bits 3, 2, and 1 show the status of Buffer Empty 
interrupts. When bit 3 is set, a Buffer Empty 
interrupt is under service. When bit 2 is set, 



Buffer Empty interrupts are enabled. When bit 1 
is set, a Buffer Empty interrupt is pending. In 
CPU-to-I/0 operation, the Empty IP bit is set when 
the buffer is empty and the Empty pin (pin 37) is 
High. 

Bit is 1 when the FIO buffer is empty in CPU- 
to-CPU operation. In CPU-to-I/0 operation, bit 
is 1 when the buffer is empty and when the Empty 
pin (pin 36) is High. 

Interrupt Vector Reqister. The Interrupt Vector 
register (Figure 2-4) holds a byte used as the 
address of an interrupt service routine (or of a 
table indexing into such groups of routines). 
This register can be used in two ways. The Inter- 
rupt Vector register can be programmed with a byte 
address that is gated onto the address bus lines 
during the Interrupt Acknowlege cycle. This pro- 
vides a direct vector to a generalized interrupt 
service routine. If bit 4 of Control Register 
(Vector Includes Status) is set, however, the 
Interrupt Vector register includes a 3-bit status 
code reflecting the reason for the interrupt 
request as the contents of bits 3, 2, and 1. When 
MIE is 1 , other than during an Interrupt Acknowl- 
edge cycle, the Interrupt Vector register always 
reflects the FIO status in these bits, regardless 
of whether or not the Vector Includes Status bit 
is set. When MIE is 0, the base vector can be 
read back. This provides a means to read what was 
written to this register (also see Table 2-3). 
The bit codes are: 
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Chapter 3 

Functional Description 



3.0 OVERVIEW 

The FIO provides an interface between two CPUs or 
between a CPU and an I/O device. It interfaces to 
both Z-BUS and non-Z-8US systems and emulates 

2- wire and 3-wire I/O protocols. Figure 3-1 shows 

possible FIO operations. 

These interfacing tasks require different sets of 
control signals. After removing the FIO from its 
reset state and programming the various registers, 
the FIO assumes one of the 12 operating modes 
shown in Table 1-1 and Appendix A. In each mode, 
Port 2 presents one of five possible groups of 
signals on pins A-J. These signals correspond to 
the Z-BUS high-byte configuration, Z-BUS low-byte 
configuration, non-Z-BUS (general microprocessor) 
configuration, 2-wire handshake configuration, and 

3- wire handshake configuration. Port 1 presents 
one of three groups of signals on pins A-J, corre- 
sponding to Z-BUS high-byte, Z-BUS low-byte, or 
non-Z-BU5 configurations. 

This chapter describes the signals used in FIO 
data transactions; discusses reset operation and 
uses for the 12 operating modes; and explains how 
control signals form interfaces to other devices, 
how DMA transactions occur, and how the FIO han- 
dles internal interrupts and participates in the 
Zilog system-level, daisy-chain interrupt proto- 
cols. 

3.1 INTERFACE SIGNALS 

The FIO manages data transfers with control sig- 
nals, some issued from the bus master CPU, satel- 
lite CPU, DMA device, or I/O device, some created 
from external logic, and some issued from within 
the FIO itself. There are five basic signal con- 
figurations that combine to form 12 operating 
nodes, as shown in Table 1-1 and Appendix A. The 
control signals used in each configuration are 
shown mapped to their respective pins in Figure 



1-2 and Appendix A. The signals fall into various 
groups, as described in the following sections. 
Reset is not actually a control signal, but since 
the condition is caused by control signal states 
(or programming) it is treated as such here. 

3.1.1 Z-BUS High-Byte and Low-Byte 

The Z-BUS high-byte and low-byte microprocessor 
configurations are normally used together to form 
a 16-bit multiplexed address/data bus interface 
that is compatible with the Z-BUS. The Z-BUS 
low-byte microprocessor configuration can be used 
by itself 3S an 8-bit interface to a multiplexed 
bus. The Z-BUS high-byte microprocessor config- 
uration can also be used this way, but it lacks 
interrupt interfacing signals. 

Signals. 

In the Z-BUS configurations, the FIO uses the 
following set of signals: Request/Wait, DMA 
Strobe, Data Strobe, Read/Write, Chip Select, 
Address Strobe, and the interrupt arbitration 
signals Interrupt Acknowledge, Interrupt Request, 
Interrupt Enable In, and Interrupt Enable Out. 

REO/WAIT (Request/Wait, output, 3-state, active 

Low). REQ is sent to a DMA device to begin a DMA 
transfer, and WAIT (an open drain output) tells 
the CPU that the FIO buffer is full (if data is 
output from the CPU to the FIO) or that the FIO 
buffer is empty (if data is input to the CPU from 
the FIO). 

DMASTB (DMA Strobe, input, active Low). This 
signal is received by the FIO from a DMA control- 
ler. When Low, it acts like a ReadAlrite signal, 
strobing data to or from the Data Buffer register 
directly during DMA transactions. Section 3.3 
details Request (DMA) operation. 
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Figure J-1 . FIO Operational Straary 



DS (Data Strobe, input, active Low). When Low, DS 
specifies that the multiplexed address/data bus is 
carrying data rather than address information. 

R/W (Read/Write, input). Read and Write signals 
specify read and write operations. When R/W is 
Low, writes are enabled. When R/W is High, reads 
are enabled. 

CS (Chip Select, input, active Low). CS is usu- 
ally a signal derived from the controlling CPU's 
signals by external logic. When Low, CS selects 
the FIO and enables it for operation. This signal 
Is latched on the rising edge of AS. 

AS (Address Strobe, input, active Low). When Low, 
AS specifies that the multiplexed address/data bus 
is carrying address information rather than data. 

Z-BUS Low-Byte Configuration Only. 

In the Z-8US low-byte configuration, the FID uses 
four interrupt arbitration signals to participate 
in the Zilog daisy-chain prioritized interrupt 
arbitration scheme. See Section 3.4.1 for more 
information on the interrupt operation. 



INTACK (Interrupt Acknowledge, input, active Low), 
IEI (Interrupt Enable In, input, active High), IEO 
(Interrupt Enable Out, output, active High), INT 
(Interrupt Request, output, open drain, active 



Low). INTACK, IEI, IEO, and INT control FIO 
interrupt operation. INT requests an interrupt 
from the CPU when active (Low); INTACK is the 
interrupt acknowledgement from the CPU. IEI is 
the input for the Zilog daisy -chain, prioritized 
interrupt enable signal. IEO is the corresponding 
output for the same signal. 

Figure 3-2 shows a typical use of the Z-8US low- 
byte configuration. The M Q and M-j pins are shown 
tied to ground; this specifies Z-8US low-byte 
configuration. 

3.1.1.1 Z-8US Low Byte Interface Operation 

Address/Data lines AD Q -AD 15 leave the CPU. During 
the time AS is active, signifying that the 
address/data bus currently carries an address, 
lines ADq-AD-j carry the 4-bit address of the 
internal register addressed within the FIO. 

Once the Z-BUS low-byte configuration has been 
specified as shown in Table 1-1, the CS signal is 
Low, and the address information has been deliv- 
ered (as shown by the removal of an active AS 
Signal), the DS signal goes Low and data appears 
on ADg-ADy. When bit is set in Control register 
0, the FIO reset, all control registers cleared, 
and all outputs (except IEO on the port 1 side) 
floating at high impedance, the FIO is ready to 
program. 
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Figure 3-2. Z-BUS Low-Byte Configuration 
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x = Don't Care 

• Register is only on Port 1 side 



Register Addressing. In the Z-BUS low-byte con- 
figuration, the FIO allows two methods for regis- 
ter addressing under control of the Right Justify 
Address bit (bit D-j ) of Control Register 0. When 
bit D 1 is reset (the default condition), address 
bus lines AD^-AD^, are used for register address- 
ing, and the other Address/Data lines are ig- 
nored. This convention assures compatibility with 
the Z8000 byte I/O addressing protocols. When D-j 
is set, address bus lines ADq-ADj are used for 
register addresses and the other Address/Data 
lines are ignored. Lines ADg-AD^ carry the 8-bit 
port address decoded by the port decode logic 
along with status to provide an active CS signal; 
AS latches it into the FIO. Table 3-1 describes 
Z-BUS low-byte register addressing. 

Reset Operation. In the Z-BUS configurations, the 
FIO is hardware reset when both AS and OS are 
forced Low (normally an illegal condition) or it 
is software reset by writing a 1 to the reset bit 
in Control Register 0. When Port 1 is reset, Port 
2 is also reset. If the Port 1 CPU reads the Port 
1 registers during reset, they return all 0s 
except Control Register 0, which reads 01^. All 
of Port 2's signal lines are floating in this 
state, and all inputs are ignored. If Port 2 is 
reset by itself, Port 1 is not reset. When the 
Port 2 CPU reads the Port 2 registers during 



reset, they return all 0s except Control Register 
0, which reads 01^. 

Before data transactions can take place, the FiO 
•ust be taken out of the reset state by writing 
OOn to Control Register 0. No other bits in 
this register can be progr i i d while clearing the 
reset bit. The Port 1 CPU then enables Port 2 by 
setting bit Drj of the Port 1 Control Register 2. 
The Port 2 CPU can determine when it is enabled by 
reading its Control Register 0, which is read as a 
"floating" data bus if not enabled or as 01 H if 
enabled. 

Interrupts. The Z-BUS low-byte configuration 
supports the Zilog prioritized daisy-chain inter- 
rupt protocols described in Section 3.4.1. 
INTACK, IEI, IEO, and INT control FIO interrupt 
operation. INT sends an interrupt signal to the 
CPU; INTACK is the interrupt acknowledgement from 
the CPU. I EL I is the input for the Zilog daisy- 
chain prioritized interrupt signal. IEO is the 
corresponding output for the same signal. When 
using two FIOs as a 16-bit Z-BUS interface, the 
low-byte FIO must handle external interrupt trans- 
actions, since the corresponding pins on the 
high-byte FIO are used for internal register 
addressing. This is not a handicap, since all INT 
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conditions are the same for both FIOs, except for 
the pattern match condition. 

Figure 3-3 shows a typical use of the Z-BUS low- 
byte and high-byte configurations with two FIOs, 
forming a 16-bit multiplexed bus interface. The 
single FIO in Figure 3-2 runs parallel with 
another FIO in the Z-BUS high-byte configuration. 
The Z-BUS high-byte configuration is specified as 
shown in Table 1-1 and Appendix A. 



3.1.1.2 Z-BUS High Byte Interface Operation 

As in the Z-BUS low-byte configuration, Address/ 
Data lines ADq-AD 15 leave the Port 1 CPU. During 
an active AS signal, lines ADg-ADy carry the 
address of the internal register addressed within 
the FIO. 



While AS is active, lines ADg-AD^ carry the port 
address to the port decode logic, which issues an 
active CS signal. This signal is also supplied to 
the high-byte FIO. The RJA bit is not used on the 
high-byte FIO. 
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Once the low-byte and high-byte configurations 
have been specified as shown in Table 1-1, the CS 
signal is Low, and the address information has 
been delivered (as shown by the removal of an 
active AS signal), the DS sigial goes Low, indica- 
ting that true data is on the Address/Data lines. 

Register Addressing. Both FIOs require the same 
internal register address, but lines ADg-ADy go to 
the low-byte FIO only. For this reason, the sig- 
nals on the four Address/Data pins used to specify 
FIO internal register addresses must be supplied 
to pins Ag-A3 of the high-byte FIO, as shown in 
Figure 3-4. Since pins ADg-ADj are used for 
addressing, the low-byte FIO must handle external 
interrupt interfacing. Table 3-2 describes Z-BUS 
high byte register addressing. 

Reset Operation. In the Z-BUS configurations, the 
FIO is hardware reset when both AS and DS are 
forced Low (normally an illegal condition) or it 
is software reset by writing a 1 to the reset bit 
in Control Register 0. When Port 1 is reset, Port 
2 is also reset. If the Port 1 CPU reads the Port 
1 registers during reset, they return all 0s 
except Control Register 0, which reads 01|_j« All 
of Port 2's signal lines are floating in this 
state, and all inputs are ignored. If Port 2 is 
reset by itself, Port 1 is not reset. When the 
Port 2 CPU reads the Port 2 registers during 
reset, they return all 0s except Control Register 
0, which reads 01... 



Before data transactions can take place, the FIO 
must be taken out of the reset state by writing 
00^ to Control Register 0. No other bits in 
this register can be programmed while clearing the 
reset bit. The Port 1 CPU then enables Port 2 by 
setting bit Dg of the Port 1 Control Register 2. 
The Port 2 CPU can determine when it is enabled by 
reading its Control Register 0, which is read as a 
"floating" data bus if not enabled or as 01H if 
enabled. 

Z-BUS High- and Low-Byte Programming. The FIOs, 
like other Z-BUS-compat ible peripheral devices, 
accept byte-serial programming. The CPU must 
replicate the programming byte sent to ADg-AD-; on 
the ADg-AD-j5 address lines, insuring that the same 
programming byte goes to the high-byte FIO as to 
the low-byte FIO. The first programming byte is 
typically sent to Control Register 0. The FIO is 
then ready to program. Once programming is comp- 
lete, 16-bit data transfers can take place, with 
the low-byte FIO transferring the byte on lines 
ADg-AD-7, and the high-byte FIO transferring the 
byte on lines ADg-AD-15. 

3.1.2 Non-Z-BUS (Nonnultiplexed) Microprocessor 

The non-Z-BUS (nonmult lplexed) microprocessor 
configuration interfaces the FIO to a variety of 
microprocessors that use separate data and address 
uses, such as the Z80. Figure 3-5 shows a typical 
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Figure 3-5. Non-Z-BUS (Nom«ultiplexed) 
Microprocessor Configuration 

non-Z-BUS configuration. Figure 3-6 shows 

non-Z-BUS configuration timing information. 



Signals 

In the non-Z-BUS (nonmult lplexed) microprocessor 
configurations, the following signals control data 
transactions: Reguest/Wait , DMA Acknowledge, 
Read, Write, Chip Enable, Control/Data, Interrupt 
Acknowledge, Interrupt Enable Input, Interrupt 
Enable Output, and Interrupt Request. 

REQ/WAIT (Request/Wait, output, 3-state, active 
Low). The Request signal is sent to a DMA device 
to begin a DMA. transfer, and the Wait (open drain 
output) signal tells the CPU that the FIO buffer 
is full (if data is output from the CPU to the 
FIO) or that the FIO buffer is empty (if data is 
input to the CPU from the FIO). 8it D 1 of Control 
Register 1 selects the Request or Wait signals. 



DACK (DMA Acknowledge, input, active Low). This 
signal is received by the FIO from a DMA control- 
ler. When Low, it forces the next read or write 
to the FIO to go through the Data Buffer register, 
regardless of the C/D conditions. See Section 
3.3 for more details. 

RD (Read, input, active Low). The Read signal 
tells the FIO that the CPU wants to read data from 
it. 

WR (Write, input, active Low). The Write signal 
tells the FIO that the CPU wants to write data to 
it. 

CE (Chip Enable, input, active Low). The Chip 
Enable signal selects the FIO when the CPU needs 
to carry out a data transaction involving it. The 
CE signal is usually generated from CPU address 
and status signals by external logic. 

C/D (Control/Data, input). The C/D signal is used 
to distinguish between control and data bytes. 



INTACK (Interrupt Acknowledge, input, active Low), 
IE! (Interrupt Enable In, input, active High), IEO 
(Interrupt Enable Out, output, active High), INT 
(Interrupt Request, output open drain, active 

Low). INTACK, IE I, IE0_, and INT control FIO 
interrupt operation. INT requests an interrupt 
from the CPU when Low, INTACK is the interrupt 
acknowledgement from the CPU. IEI is the input 
for the Zilog daisy-chain, prioritized interrupt 
enable signal. IEO is the corresponding output 
for the same signal. 



CO 
Do-Ot- 

cl" 



WR 



X 



y 



Non-Z-BUS Read Cycle Timing 

y x: 



< 



> 



s 



Non-Z-BUS Write Tycle Tiainq 

Figure 3-6. Nqn-Z-3US ! M .-;=jitipiexcdJ 
■>it.tif .kaj m£qs C. ' ten T [ 



t | WB TO PI M 





kj6 - », 










STAT i a 








wrrRD 3F MO 








fC/D - 1) 






1 - 






j«0 OP Wfi 




« . "J 






IC/D - 0) 






RESET ST ATT 




WH TO CONTROL 


(STATE i( 




REGISTER 







RESET -0 | 

HARDWARE OR 
SOFTWARE HfrSET 

Figure 3-7. Roister Access Stale Diagram 
Register Addressing 

In the nonmult iplexed configurations, the FIO con- 
nects to the system data bus via Dn-D^, but not to 
the address bus. The CPU must provide address 
information on the data bus, and the FIO must 
distinguish between address and data bytes. The 
Control/Data (C/D) pin does this with the help of 
the following programming conventions. 

Figure 3-7 shows the register access state dia- 
gram. Before programming either port of the FIO, 
it should be reset, clearing all control regis- 
ters. Getting out of the reset state is described 
in the next section. 



U) move oats bytes U) .., ,,. , f..o o.., 

• »>~>lv Ichmf r /(; in n (r/n \» tvnicnllv tied tj a 
address pir:: nnc read or write directly into thi- 
Data mi ii register-. 'to icou oi write to ». . 
registers (including the Dam BuTFer rrgiote: ,' . . 
a two step operation. First, write the address. 
(C/D ; 1) of tlie register to be accessed into the 
Pointer Register (state to state 1). The 
Pointer Register (4 bits) holds the register 
address. Second, read or write (C/D = 1) to the 
register addressed previously (state 1 to sta* e 
0). 

The Pointer Register is not modified or cleared 
when going from state 1 to state 0. The Pointer 
Register is only changed by a write (C/D = 1) 
while in state 0. Consequently, status monitoring 
can be done while in state by doing a read with 
C/D = 1. For example, if the last register 
address was Control Register 2, then by doing a 
read with C/6 = 1 (stay in state 0) the contents 
of Control Register 2 will again be read out. 
This *ay be useful for doing polling operations. 

In the non-Z-BUS configuration, the RJA bit (D 1 of 
Control Register 0) is set. This specifies that 
bits 0-3 carry the address of the FIO interna] 
registers and supports such CPUs as the Z80. 
Table 3-3 describes the Non-Z-BUS register 
addressing. 
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1 








Pattern Match Register 


X 




1 





1 


Pattern Mask Register 


X 




1 


1 





Data Buffer Register 


X 




1 


1 


1 



x = Don't Care 

♦Register is only on Port 1 side 
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Reset Operation. In non-Z-BUS configuration, the 
FIO is hardware reset by forcing both RD and WR 
Low (normally an illegal condition) or by writing 
a 1 to the reset bit in Control Register 0. After 
reset is asserted, the only register that can be 
read from or written to is Control Register 
(Control Register will read a 01 H ). If C/D is 
1, the next byte writes into Control Register 0. 
When in the reset state, a write should not be 
done when C/D is 0. The reset state is exited by 
writing 00^ when C/D is 1. When Port 1 is 
reset, Port 2 is also reset. All of Port 2's 
signal lines are floating in this state and all 
inputs are ignored. If the Port 1 or Port 2 CPU 
(if enabled) reads any of its registers during 
reset, they return to 01 H (Control Register 0). 

Software Reset. To software reset the FIO, it 
must be in state 1 and the Pointer register must 
point to Control Register 0. Table 3-4 outlines a 
method for resetting the FIO. The left column 
explains the software procedures used if the port 
was already reset. The right column shows the 
procedures used if the port was not reset. This 
procedure resets the FIO and then removes the 
reset making the FIO ready for programming. The 
table assumes that C/0 is 1. 



In Reset. If the port is already reset, reading 
it will have no effect and will return 01^, 
since the reset bit is set. The Write 00^ 
command writes 00 into Control Register 0, since 
writes go to that register only during reset. 
This write takes the port out of the reset state 
and into state 0. The Write 01 H loads the 
Pointer Register with Control Register 1's 
address. This command places the port in state 
1. The next write, Write 00^, puts 00^ into 
Control Register 1. This has no effect, since the 
register was cleared during reset. 

Not Reset . If the port is not reset, and hence in 
an unknown state (state 1 or state 0), a read of 
any kind (when C/D is 1) puts the port into state 
0. The Write 00^ loads the Pointer register to 
Control Register 0's address and puts the port 
into state 1. The Write 01 H command sets the 
reset bit in Control Register and puts the port 
into the reset state. The next write (Write 
00lj) goes into Control Register 0, which removes 
the reset condition. At this point, the FIO 
registers can be programmed. 

3.1.3 2-Wire Handshake I/O 



Table 3-4. Non-Z-BUS Software Reset Routines 



In Reset 



Reset State 
(State 1) 

Reset State 
(State 1) 
(Read=01) 



Removes Reset 
(State 0) 



Point to 
Cont rol 
Register 1 
(State 1) 



Write 00 to 
Control 
Register 1 
(State 0) 



Softi 



Read 



(any register) 



Write 00- 



Write 01 



• Write 00 



Not Reset 



State 
or State 1 



State 
(Read = x) 



Point to 
Control 
Register 
(State 1) 



Resets Port 
Reset State 
(State 1) 



Removes Reset 
(State 0) 



Note: All Reads and Writes with C/0 = 1. 



The 2-wire handshake 1/0 configuration (Port 2 
side only) is used to interface a CPU (multiplexed 
or not) to a single I/O device. The action of the 
FIO must be acknowledged by the other half of the 
handshake before the next transaction can take 
place. Figure 3-8 shows a typical 2-wire hand- 
shake configuration. 



PORT 1 


1 PORT 2 
FIO 


AS 




DS 


1 RFD/DAV 


WW 


ACf.lN 
FULL 




EMPTY 


3JT 


1 CLEAR 
OATA 


1NTACK 


m 


DIRECT'CN 

1 



DATA BUS ^ ) 



Figure 3-8. 2-Wire Handshake 1/0 Configuration 
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I Mil, Ml LPU-Lu-l/U t i anadcilui*. • pud 
13 r*set f>y the BPU Poll Kftwi Poll • ih lesel, 
all of Port 2's signal linen are floating in this 
state, and all Inputs ai o ignored. Before: data 
transactions can take place, the Port 1 CPU must 
enable Port 2 by setting bit Dq of the Port 1 
Control register 2. 

Ihe only register that is accessible on the Port 2 
side, in this mode, is the Data Ru I Its register • 
All the uLher control registers are inaccessible. 

Signals 

In the 2-wire handshake 1/0 configuration, the FIO 
port uses Ready For Data/Data Available, Acknow- 
ledge Input, Clear, Empty, Full, Data Direction, 
Output tnable, two output lines, and an input 
line. 

RFD/DAV (Ready For Data/Data Available, output). 

Ihe Ready For Data signal (active High) is issued 
from the port and alerts external devices that it 
is ready to receive data. Data Available (active 
Low) indicates that the port has data to transmit. 

ACX1N (Acknowledge Input, input, active Low). Ihe 

Acknowledge Input signal, received by the FiO, 
notifies the CPU that transmitted data has been 
accepted by the external device or that data is 
valid on the bus. 



CLEAR (input or output, active Low), DCTY 
(output/ input , open drain, active High), FILL 
(output/input, open drain, active High). These 
signals pertain to the condition of the FIO RAM 
buffer when the FIO performs I/O data transac- 
tions. Clear flushes all data from RAM; when 



jr* : . e \ l ':3^), -"r'i Bnr ' r *'''i irwjtc*t(s t h»*i the 
riiu wittus i» e*pty c; full di..-:-.~ CP" -to- !.*» 
fcranMCtiDM. Hie Buffer Full and Buffer twpiy 
bits (D n and D a of Interrupt Status Register 3, 
respectively) are set when these pins are High. 

DATA DIR (Data Direction, input or output, active 
High). The Data Direction signal allows the CPU 
or the I/O device to change the direction of data 
transactions. The control of data direction is 
programmed by the Port 1 CPU, vis the Control 
register. When the Data Direction pin (pin 34) i b 
Low, Port 2 is in output handshake configuration. 
Similarly, when the Data Direction pin ia High, 
Port 2 is in input handshake configuration. See 
Sect ion 3.10 for more information. 

OE (Output Enable, input, active Low). Wnen Out- 
put Enable is Low, data is propagated onto Port 2 
data lines. When OE is High, the data lines are 
at high impedance. 

INq, INj, and OUTj are three signal lines that can 
be used as simple I/O bits. 

Once the configuration is specified, two bits in 
the Port 1 Control Register 2 control the opera- 
tion of Port 2. If Dq is set, Port 2 is enabled. 
If Dj is set, the Port 2 handshake signals are 
enabled. 

2-Wire Handshake Operation 

The FIO's 2-wire handshake is an interlocked hand- 
shake in which each act ion is acknowledged by the 
other device. This handshake protocol is compati- 
ble with the Z8, CIO, FIFO, UPC, and other commer- 
cially available parts. Figure 3-9 gives 2-wire 



DATA IN VAUD DATA ^ VALID DATA 

""f \ / \ / 

\ / \ f 

Input Handshake 



SJ V \l — 

l OUT \ VALID DATA Y VALID DATA ^ 

\ / \ / 

Output Handshake 
Figure 3-9. 2-wire Handshake I/O Configuration Tiaing 
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handshake timing information. For both input and 
output handshake ACKIN must be High when the hand- 
shake is enabled (D 1 of Control Register 2 is 
set). 



High and changing the Data Direction bit may cause 
improper operation. The Data Direction bit should 
only be changed when the Clear bit is Low or going 
Low. 



Output Handshake. For output handshake (Data 
Direction = 0) the DAV signal will go Low, indi- 
cating that data is available. This can occur 
only when ACKIN is High and there is data in the 
Data Buffer register. The DAV signal will stay 
Low until the ACKIN signal goes Low, indicating 
that the data has been accepted. The FIO's 
response to ACKIN Low i3 to bring the DAV signal 
High. At some later time the receiving device 
will bring ACKIN back High, indicating that it is 
ready for the next data byte. This process con- 
tinues until the FIFO buffer is empty, then DAV 
will go High and remain 30. 

The Enable Handshake bit (D-j of Control Register 
2), when Low, forces the DAV signal High and 
internally forces ACKIN High. Care should be 
taken when disabling the handshake operation if 
the ACKIN signal is Low. Putting this bit Low at 
the wrong time may violate the handshake interlock 
and cause improper operation. A known time when 
this bit. can go Low when the FIFO buffer is empty. 

Input Handshake. For input handshake (Data 
Direction 3 1), the RFD signal starts out High, 
indicating that the FIFO buffer is ready for 
incoming data transfers. Next ACKIN will go Low 
indicating that data is available on the data 
bus. The FIO responds by bringing RFD Low, sig- 
naling the acceptance of the data. Some time 
after RFD is Low, ACKIN will again go High. When 
the FIFO buffer is again ready for a new byte of 
data, it puts RFD High. This process continues 
until the FIFO buffer is full, at which time the 
RFD will go Low and remain so. 

Ihe Enable Handshake bit, when Low, forces RFD 
High and internally forces ACKIN High. Care 
should be taken when disabling the handshake 
operation if the ACKIN signal is Low. Putting 
this bit Low at the wrong time may violate the 
handshake interlock and cause improper operation. 
A known time when this bit can op Low when the 
FIFO buffer is empty. 

In CPU-to-I/0 transactions, exercise caution when 
changing data direction and clearing the FIFO 
buffer. Since DATA DIRECTION and CLEAK are pro- 
grammed in the same register, they both can be 
changed during a single write to Control Register 
3. Putting the Clear bit Low and changing the 
Data Direction bit 13 okay. Putting U<r? Cle«L bit 



The input and output lines, INq, OUT^, and OUTj 
are, respectively, an input to bit Dq of Port 2 
Control Register 3 and outputs from bits D-| and 
D3. Dq is a read-only bit. These three signal 
lines are used as simple I/O bits. 



Full and Eapty Operation 

Both the Full and Empty pins are used as bidirec- 
tional signals. (See Figures 3-10 and 3-11.) As 
open dram output lines they can be wire-ANDed 
with other FIFOs or FIOs to give system status. 
As inputs, Full and Empty are used to set their 
respective IPs and also to show the status of the 
pins. 

Table 3-5 shows the Full and Empty signals with 
only an external pull-up on each pin. 



10 Dj OF INTERRUPT 

STATUS REGISTER 3 S\ 
ANO TO SET OF FULL N 
IP SIT (Di 



SIGNAL IS HIGH 
1EN FIFO BUFFER 
IS FULL 



Figure 3-10. full Pin 



TO Do OF INTERRUPT 
STATUS REGISTER 3 S\ 
AND TO SET OF EMPTY NT 
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Figure 3-11. Fnpty Pin 
Table J-5. Full and E»pty Status 
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Figure 3-12. 3-Wire Handshake I/O Configuration 



3.1.4 3-*ire Handshake I/O 

Ihe 3-wire handshake I/O configuration is designed 
to interface a CPU to many I/O ports simultaneous- 
ly. Figure 3-12 shows a typical 3-wire handshake 
I/O configuration. 

While Reset is not a signal issued or received by 
the FIO, in CPU-to-I/0 transactions the I/O port 
is reset by the action of the CPU port. When Port 
1 is reset, Port 2 is also reset. All of Port 2's 
signal lines are floating in this state, and all 
inputs are ignored. Before data transact ions can 
take place, the Port 1 CPU must enable Port 2 by 
setting bit Dg of the Port 1 Control register 2. 



Signals 

In the 3-wire handshake I/O configuration, the FIO 
port uses the following signals: Ready For 
Data/Data Available, Data Available/Data Accepted, 
Data Accepted/Ready For Data, Clear, Empty, Data 
Direction, Output Enable, two output lines, and 
an input line. 

RFD/DAV (Ready For Data/Data Available, output). 

When Port 2 is configured as an input handshake, 
the Ready For Data signal is issued from the port 
and, on its rising edge, alerts external devices 
that it is ready to receive data. When configured 
as a data output handshake, the falling edge of 
the Data Available signal indicates that the port 
has data to transmit. 

DAV/DAC (Data Available/Data Accepted, input). In 

the input handshake configuration, Data Available 
indicates that data is ready for transmission to 
the FIO; in the output handshake configuration, 



DAC/RFD (Data Accepted/Resdy For Data, output/ 
input). Ihe DAC signal is an output when Port 2 
ie configured as an input handshake and the RED 
signal is an input when Port 2 is configured as an 
output handshake. 



CLEAR (input or output, active Low), EMPTY 
(output/input open drain, active High). These two 
signals pertain to the condition of the FIO RAM 
buffer when the FIO performs I/O data transac- 
tions. CtEAR flushes all data from RAM; EMPTY 
indicates, when active (High), that the FIFO 
buffer is empty during CPU-to-I/O transactions. 
The buffer empty bit (Dq of Interrupt Status 
Register 3) is set when pin 36 is High. 

DATA DIR (Data Direction, input or output, active 
High). The Data Direction signal allows the CPU 
or the I/O device to change the direction of data 
transactions. The direction is controlled by the 
Port 1 CPU, via Control Register 3. When the Data 
direction pin (pin 34) is Low, Port 2 is defined 
as having an output (source) handshake. When the 
Data Direction pin is High, Port 2 is defined as 
having an input (acceptor) handshake. 

OE (Output Enable, input, active Low). When 
Output Enable is active (Low), output signals are 
propagated onto Port 2 data lines. When OE is 
inactive (High), the data lines are at high impe- 
dance . 

INq, IN2, and OUT3 are three signal lines avail- 
able in the I/O modes. 



3-Wire Handshake Operation 

This configuration is like the handshake protocol 
used in the IEEE-488 standard. Using this hand- 
shake, the lines of many I/O ports can be bused 
together with external open-drain output drivers 
to signal when all the ports have accepted data 
and all are ready for data. Since the data direc- 
tion of Port 2 can be changed under software con- 
trol, bidirectional transfers can be performed. 
When interfacing to a bus such as the IEEE-488, 
external drivers must be used to meet the IEEE-488 
bus specifications. Figure 3-13 shows the 3-wire 
handshake I/O timing information. 
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Output Handshake. For output handshake (Data 
Direction s 0), the FIO uses one output DAV (Data 
Valid) and two inputs RFD (Ready For Data) and DAC 
(Data Accepted). Before any bytes are written 
into the FIO buffer, the handshake Bust be enabled 
(set D.j of Control Register 1). The handshake 
begins when the RFD input goes High (with DAC Low) 
indicating that the external device(s) are ready 
for data. When there is data in the Data Buffer 
register, the FIO puts the DAV signal Low indicat- 
ing that the data is valid on the bus. The exter- 
nal device(s) now indicate that they are not ready 
for data by putting RFD Low. When the device (s) 
have accepted the data, DAC goes High indicating 
that the data on the bus is no longer needed. The 
FIO responds by bringing DAV High and indicating 
that the data on the bus may not be valid. 

This handshake operation continues until the 
external device(s) cannot accept any more data; 
at this point RFD stays Low, or the FIFO buffer is 
empty, in which case DAV stays High. 



it is not ready for data and the data ha3 been 
accepted. Some time later DAV will go High, 
indicating that the data on the bus is no longer 
valid. The FIO responds to this condition by 
bringing DAC back Low. The handshake operation 
continues until the external device has no more 
data to send, in which case it leaves DAV High, or 
the FIFO buffer i3 full, in which case RFD stays 
Low. 

When the Enable Handshake bit i3 Low, RFD is 
forced High and DAC is forced Low. 

This configuration can be used only with Port 2 
and must interface to the I/O device. Therefore, 
a CPU cannot directly program Port 2 via the Port 
2 pins; Port 2 operation is specified by the Port 
1 internal registers. Bits D2 and D-j of Port 1 
Control Register define the Port 2 configura- 
tion, as described in Section 2.1.2. Resetting D2 
and setting Dj enables Port 2 in the 3-wire hand- 
shake configuration. 



I 



When the Enable Handshake 
output is forced High. 



bit is Low the DAV 



Input Handshake. For input handshake (Data 
Direction = 1) the FIO uses two outputs, RFD 
(Ready For Data) and DAC (Data Accepted), and one 
input, DAV (Data Valid). The handshake starts by 
the FIO having RFD High, indicating that it is 
ready to accept data (DAC is Low). The external 
device will indicate that data is valid on the bus 
by forcing OAV Low. The FIO responds by bringing 
RFD Low and then putting DAC High, indicating that 



Once the configuration is specified, two bits in 
the Port 1 Control Register 2 control the opera- 
tion of Port 2. If Dg is set, Port 2 is enabled. 
If Di is set, the Port 2 handshake signals are 
enabled. 



In CPU-to-I/0 transactions, care should be taken 
when changing data direction and clearing the FIFO 
buffer. Since DATA DIRECTION and CLEAR are pro- 
grammed in the same register, they both can be 
changed during a 3ingle write to Control Register 
3. Putting the Clear bit Low and changing the 
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with raspact to the CPU HAl! input. The cir-'i'' 
shown in Figure 3-14 synchronizes the F 10 WA1 ' 
3ignal with the expected Z8000 CPU WAU input. 



The input and output lines (INq, 0UT.|, and OUT -j ) 
are, respectively, an input to bil D n of Port 2 
Control register 3 and outputs From bits D-| and 
Dj. Oq is a read-only bit. rfteaa thre* signal 
lines are used for communicat ion between FIOs and 
FIFOs in a networking environment. 



3.2 WAIT OPERATION 



3.3 REQUEST (DMA) OPERATION 

The FIO works particularly well with DMA devices 
in both Z-BUS and non-Z-BU5 (nonmult iplexed ) 
microprocessor modes. DMA operat ion can take 
place on both sides of the FIO s lmult antously; 
however, DMA operat ion cannot take place on the 
Port 2 side when the Port 2 side is in an I/O 
conf igurat ion. 



Output WAIT 

When data is output by the CPU (Data Direction = 

0) , the REQ/WAIT pin is active (Low) only when the 
FIFO bufFer is full, the chip is selected, and the 
FIFO buffer is addressed. WAIT goes inactive when 
the FIFO buffer is not full. 

Input WAIT 

When data is input by the CPU (Data Direction = 

1) , the REQ/WAIT pin becomes active (Low) only 
when the FIFO buffer is empty, the chip is se- 
lected, and the FIFO buFfer is addressed. WAIT 
goes inactive when the FIFO buffer is not empty. 



The FIO supports two types of DMA operation, 
"flyby" and "sequential," both compatible with 
devices such as the Z80 DMA controller. In the 
flyby operation, data transfers occur every 
machine cycle on either or both sides of the FIO. 
The DMA controller issues a memory address with 
appropriate control signals and DACK or DMASTB; 
the FIO receives or sends the byte strobed onto 
the bus. The byte never passes through the DMA, 
it merely "flies by" between the memory and the 
FIO. In sequential operation, the DMA controller 
reads the byte from memory and then writes it to 
the FIO buffer or vice versa, addressing the Data 
Buffer register as a peripheral device. In this 
operation DACK or DMASTB should be tied to V c( -. 
"Flyby" is not a mode or a bit that is set in the 
FIO. To use flyby the Request operation must be 
enabled and the DMASTB/DACK pin is used. 



FIO WAIT . 









pfl 






Q 

>c, 5 

CLR 


I 



- TO CPU WAIT 



1/2 7474 OR EQUIVALENT 



The Request signal is inactive until the Clear bit 
is inactive (High). For example, when configuring 
the FIO for DMA operation, bits Dg and D-| in the 
controlling CPU's Control Register 1 can be set 
while the Clear bit is active without triggering a 
valid Request signal and initiating the transfer. 
Once the Clear bit goes inactive (Law), the DMA 
transfer into the FIO can begin, since the FIFO 
buffer is empty. 



CPU CLOCK 




Figure 3-14. FlO-to-CPU 
WAIT Synchronization Circuit 



3.3.1 Z-BUS Flyby Operation 

In Figures 3-15 and 3-16, which show Z-BUS 
FlO-to-memory and memory-to-FIO transfers, the 
DMASTB signal strobes data to and from the FIO 
buffer. AS pulses Low to gate the memory address 
from the DMA onto the Address/Data bus. Once AS 
goes High and DMASTB goes Low, data is read from 
or written into the FIO buffer directly without 
having to write the Data Buffer address during 
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Figure 3-15. Z-BUS FIO-to-Henory 
Data Transactions 



Figure 3-16. Z-BUS Mamry-to-FIO 
Data Transaction 



each read. DMASTB acts as a read or write signal; 
the data direction bit specifies the direction of 
the transfer (the R/W pin is ignored). There is 
no effect if the DMA tries to read data when the 
FIO expects input, or vice versa. 

The CS signal is not ignored by the FIO and there- 
fore must be kept invalid (High) during the DMA 
transfer. This is normally accomplished by 
default since the DMA device is addressing memory. 



3.3.2 Non-Z-BUS Flyby Operation 

In Figures 3-17 and 3-18, showing non-Z-BUS 
FlO-to-memory and memory-to-FIO transfers, the 
DACK signal generated by the DMA device acknow- 
ledges the FIO's DMA reguest. After DACK goes 
true, the DMA device places the memory address on 
the memory address bus, and data is gated from 
memory onto the data bus. DACK forces the next 
read or write to the FIO into the FIO buffer 
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Figure 3-17. Non-Z-BUS FIO-to-Memry Data Transaction 
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Figure 3-19. Request Hysteresis Diagraa: 
Write to FIO 

directly without having to write the Data Buffer 
address during each read (the C/D pin is ig- 
nored). The data direction bit specifies the 
direction of the transfer. There is no effect if 
the DMA tries to read data when the FIO expects 
input, or vice versa. The CE signal is not 
ignored by the FIO and therefore must be kept 
invalid (High) during the DMA transfer. This is 
normally accomplished by default since the DMA 
device is addressing memory. 

3.3.3 Request Hysteresis Operation 

The FIO has a feature that enhances DMA transac- 
tions in both flyby and sequential operation. 
Figures 3-19 and 3-20 are request hysteresis 
diagrams. These diagrams describe the use of the 
Byte Count Compare register during DMA transac- 
tions and demonstrate how DMA-to-FIO transfers can 
proceed. To engage this feature, set bit D2 of 
Control Register 1. 

When data is written into the FIO by the DMA con- 
troller, the FIO initiates the cycle by issuing an 
active Request signal. (Refer to Figure 3-19.) 
REQ stays active (Low). The FIO is ready to 
receive bytes from the bus. REQ remains active 
until the buffer is full. It then goes High and 
remains inactive while the CPU or I/O device reads 
the bytes from the FIFO buffer until the number of 
bytes in the buffer is equal to the value pro- 
grammed into the Byte Count Compare register. REQ 
goes Low once more, and the sequence begins again. 



Figure 3-20. Request Hysteresis Diagram: 
Read fro* FIO 

When data is read from the FIO by the DMA control- 
ler, the FIO receives bytes from the CPU. (Refer 
to Figure 3-20.) The Request line is inactive 
until the number of bytes in the buffer is equal 
to the value programmed in the Byte Count Compare 
register. REQ then goes Low and remains Low until 
the DMA controller has emptied the buffer. Then 
REQ goes High and the sequence starts over again. 
If both ports are operating in CPU modes using 
DMA, this feature allows DMA operations to contin- 
ue independently, triggering the Request signals 
from the two different Byte Count Compare register 
values. 

If both ports are reading and writing at approxi- 
mately the same rate, the buffer becomes a 
scratchpad memory for continuous DMA transfers. 
In this way, the length of the DMA block transfers 
can be much longer than the FIFO's buffer. 



3.4 INTERRUPT OPERATION 

The FIO generates interrupt requests when pro- 
grammed to do so and when one of seven specified 
conditions occurs. A complete interrupt cycle 
consists of an interrupt request followed by an 
interrupt acknowledge transaction. The CPU 
acknowledges interrupt requests, according to the 
Z-BUS daisy-chain priority interrupt protocols. 
The FIO then places an address vector on the bus, 
providing the starting location of either an 
interrupt service routine or an index table into a 
group of such routines. The reason for the inter- 
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figure 3-21. Interrupt Flowchart 

rupt is encoded into the address vector, which 
becomes a pointer to specialized interrupt service 
rout ines . 

Figure 3-21 is a flowchart of a peripheral inter- 
rupt sequence and explains the action within a 
single interrupting device. A3 the Flowchart 
indicates, the peripheral inherently checks the 
Status of all IP bits only if IEI is active. The 



IEI line is inactive only if the IE0 of a higher- 
priority device is Low. 

The Interrupt Status registers specify whether or 
not interrupts will be generated during true 
interrupt conditions. If such interrupt condi- 
tions occur and the appropriate interrupt is 
enabled, the FIO communicates the interrupt 
request to the CPU following the interrupt proto- 
cols described in Sections 3.4.1 and 3.4.2. 



Interrupt Priority 

The seven prioritized conditions that can trigger 
the generation of an interrupt request follow in 
order of priority: Message Pending, Change in Data 
Direction, Pattern Match, Byte Count Compare, 
Overflow/Underflow Error, Buffer Full, and Buffer 
Empty conditions. Each interrupt condition has 
three corresponding control bits in the Interrupt 
Status registers: Interrupt Enable bit (IE) 
enables interrupt generation, Interrupt Pending 
bit (IP) alerts the CPU that an interrupt is 
waiting for service, and Interrupt Under Service 
bit (IUS) shows if the interrupt is being ser- 
viced. 



Setting and Clearing of Interrupt Control Bits 

The setting and clearing of the IP, IUS, and IE 
bits is done under the command structure shown in 
Figure 3-24. In this method the individual bits 
in a register are not set or cleared directly. 
This guards against the accidental clearing of an 
IP bit during a write and the possible loss of an 
interrupt request. Note the 3-bit code to set the 
message Interrupt Under Service bit shown beneath 
the Interrupt Status Register drawing in Figure 
2-4. To set this bit, write 01000000 (40u) to 
this register. This write does not directly set 
bit D^, however. It sets bit Dy, shown in Figure 
2-4 as the message IUS bit. When Interrupt Status 
Register is read following the write, it reads 
as 10000000 (B0 H ). These 3-bit groups, then, 
are described as codes that set or clear the 
Interrupt StatuB bit3, rather than setting the bit 
in the corresponding register position. The same 
format is used with all four Interrupt Status 
registers. 

Refer to the Interrupt Status registers shown in 
Figure 2-4. The IUS and IP bits can be set two 
ways — when the condition itself occurs or by 
program control. These bits are cleared by pro- 



3.4.1 2-BUS Interrupt Operation 



^ L- 



Hefer to f igures 3-2i' and 3-23. The FIO generates 
an interrupt request by lowering the INT line, 
only if such interrupt requests are enabled (IE is 
1, MIE is 1), it has an Interrupt Pending (IP r 
1), it does not have an Interrupt Under Service 
(IUS is 0), no higher-priority interrupt is being 
serviced (IEI is 1), and no interrupt acknowledge 
transaction is taking place (as indicated by 
1NTACK High at the last rising edge of AS). IE0 
is not pulled down by the FID at this time; IE0 
continues to follow IEI until an interrupt acknow- 
ledge transaction occurs. 
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Figure 3-22. Z-BU5 Interrupt Acknowledge Tiaing 



INTERRUPT 
VECTOR 



Eg] 



J L 



HIGHEST PRIORITY 
INTERRUPT SOURCE 



-ff~ 



LE3 



LOWEST PRIORITY 
INTERRUPT SOURCE 



QD UD U^al 

IEI iNl IEO 




Figure 3-23. Z-BUS Interrupt Arbitration 
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If the FIO's VIS is 1, the vector also contains 
status information, coded into bits O-j-03, which 
further describe the source of the interrupt 
within the FIO's logic. If VIS is 0, the vector 
held in the FIO is output without status included 
(base vector). The bit codes are given in Table 
3-6. IPs are set by an AS following the event. 
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Figure 3-24. IP, IUS and IE Coaaand Code 

Some time after INT has been pulled Low, the CPU 
initiates an interrupt acknowledge transaction. 
Between the rising edge of AS and the falling edge 
of OS, the IEI/IE0 daisy chain settles. Any Z-BUS 
peripheral with one of its Interrupts Pending (IP 
is 1) or one of it3 Interrupts Under Service (IUS 
is 1) holds its IE0 line Low; all others make IEO 
follow IEI. 

When DS falls, only the highest priority interrupt 
source with a pending interrupt (IP is 1 ) has its 
IEI input High, its IE bit set to 1, and its IUS 
bit set to 0. This is the interrupt source being 
acknowledged, and at this point it sets its IUS 
bit to 1. If its NV bit is 0, the FIO identifies 
itself by placing its interrupt vector from the 
Interrupt Vector register on Address/Data lines 
AD -AD 7 . If NV is 1, the FIO'3 AD Q -A0 7 lines 
remain floating, allowing external logic to supply 
a vector. (All Z-BUS interrupts reguire a vector 
to identify the requesting device.) 

Table 3-6. Interrupt Status Bit Codes 



Bits 
3 2 


1 


Codes 


1 


1 


1 


Received message in 
Message In Register 


1 


1 





Change in data transaction 
direction 


1 





1 


Valid pattern match 


1 








Valid byte count compare 





1 


1 


Overflow or underflow error 





1 





Buffer full 





□ 


1 


Buffer empty 











No interrupts pending 



3.4.2 Non-Z-BUS Interrupt Operation 

Figure 3-25 shows the complete non-Z-BUS interrupt 
acknowledge cycle timing. (Section 4.1.2 de- 
scribes generation of INTACK from Z80 signals.) 

When in non-Z-BUS configurations, the IP bit is 
not set while the port is in state 1. (Refer to 
Section 3.1.2 for a description of state 1.) Any 
interrupt condition that occurs (such as a message 
received) does not set the corresponding IP bit. 
Thus, to ainiaize interrupt latency, the FIO 
should stay in state 0. The IP bit is set when 
the port returns to State 0. 

The FIO generates an interrupt request (IP is 1: 
Interrupt Pending) by lowering the INT line, only 
if such interrupt requests are enabled (IE is 1, 
MIE is 1), it has an interrupt pending (IP = 1), 
it does not have an Interrupt Under Service (IUS 
is 0), no higher-priority interrupt is being ser- 
viced (IEI is 1) and no interrupt acknowledge 
transaction is taking place. IEO i3 not pulled 
down by the FIO at this time; IEO continues to 
follow IEI until an interrupt acknowledge transac- 
tion occurs. 
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Figure 3-25. Non-Z-BUS Interrupt 
Acknowledge Cycle 
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between tne fBliiny eoye oi INTADC n* foiling 
edge ot KU, the ltl/IEO daisy chain set Ilea. Ai.) 
peripheral with one of its Interrupts Pending (IP 
is 1) or ont of its Interrupts Under Service (IUS 
is 1) hulds its 1E0 line Low; all others make IEO 
follow in. 



leads the data tram i r s *>easmjn in regjblei, lit 
Port 2 IP is cleared. Ihe t'ort I l.rU car, tneie- 
foru tell *,!.» I !!._- M68NSgB has been rear! and ran 
no., send anot^vr rressage or follow whatever proto- 
col that is set up between the two CPUs. The same 
transfer can be made from Port 2's CPU to the Port 
1 CPU. 



When RD falls, only the highest priority interrupt 
source with a pending interrupt (IP is 1 ) has its 
IEI input High, its IE bit set to 1, and its IUS 
bit set to 0. This is the interrupt source being 
acknowledged, and at this point it sets its IUS 
bit to 1. If its NV bit is 0, the FIO identifies 
itself by placing its interrupt vector from the 
Interrupt Vector register on data lines Dq— Dt. If 
NV is 1, the FIO's Dq-Dj lines remain floating, 
allowing external logic to supply a vector. 

If the FIO's VIS is 1, the vector also contains 
status information, coded into bits D-j-Dj, which 
further describe the source of the interrupt 
within the FIO's logic. If VIS is 0, the vector 
held in the FIO is output without status includ- 
ed. The bit codes are in Table 3-6. 



3.5 MESSAGE REGISTER OPERATION 

The two message registers provide a "mailbox" that 
is a means for two CPUs use to communicate with 
each other around the FIO's buffer. Each port's 
CPU is alerted when the opposite port's CPU sends 
a message. 



3.6 ERROR OPERATION 

In CPU configurations, the FIO detects overflow or 
underflow errors. Overflow is defined as perform- 
ing 8 write to the Data Buffer register when the 
FIFO buffer is full, with the data direction bit 
at 0. This write is ignored, and the Byte Count 
register does not change value. 

Underflow is defined as a read of the Data Buffer 
register when the FIFO buffer is empty, with the 
data direction bit set to 1. The contents of such 
a read are undefined and the Byte Count register 
does not change value. 

Since the error conditions are mutually exclusive, 
one error Interrupt Pending bit (D2 of Interrupt 
Status Register 2) serves for both error condi- 
tions, with bit Dq as 1 indicating an underflow 
error and bit Da as 1 indicating an overflow 
error. When either condition occurs, the error IP 
bit is set, regardless of the state of the error 
Interrupt Enable bit, and the appropriate 
Over/Underflow bit is set as well. The error IP 
bit is reset under program control, and the 
Over/Underflow bits ore reset simultaneously. 



Figure 3-26 describes the message flow between two 
message registers. When Port 1 's CPU writes to 
the Message Out register which is also Port 2's 
Message In register, Port 2's Message Interrupt 
Pending bit is set. If the Message Interrupt bit 
is enabled, Port 2's CPU is interrupted. Port 2'a 
Message IP bit can be read from the Port 1 side 
(D 5 of Control Register 1); when the Port 2 CPU 



If the Wait function is enabled, no error condi- 
tions should occur. 

The error logic detects errors only for its own 
CPU. For example, if Port 1 is receiving data 
(Data Direction bit is 0), only overflow errors 
will be detected. If Port 2 has an underflow 
error, it will not set Port 1's error IP bit. 
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Figure 3-26. Message Register Operation 
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3.7 PATTERN MATCH OPERATION 

The Pattern Match register contains a byte to com- 
pare with the byte in the data buffer. The 
Pattern Mask register contains a bit pattern used 
to mask bits used in the comparison. 

Pattern Match Register 

The Pattern Match register (Figure 2-3) contains 
a byte for comparison with the byte in the Data 
Buffer register. As each byte in a data transac- 
tion passes through the Data Buffer register, it 
is compared with the value programmed in the 
Pattern Match register. Upon a true match, an 
interrupt can be generated if enabled in Interrupt 
Status register 1. One or more bits in the 
Pattern Match register can be masked by the value 
in the Pattern Mask register. 

Pattern Mask Register 

The Pattern Mask register (Figure 2-3) contains a 
bit pattern used to force a true match between the 
pattern in the Pattern Match register and the pat- 
tern, in the Data Buffer register. If a pattern 
mask bit is set, the corresponding bit in the 
Pattern Match register always matches with the 
corresponding bit in the Data Buffer register. 
All 1s in this register forces a pattern match. 

3.8 BYTE COUNT COMPARE OPERATION 

The Byte Count Compare register holds a byte that 
is continuously compared with the count in the 
Byte Count register. If the Byte Count Compare 
Interrupt Enable bit (Dg) is set in Interrupt 
Status register 2, an interrupt occurs upon a true 
match. The comparison operation i3 not affected 
by the Freeze Byte Count bit. 

If the byte being programmed in the Byte Count 
Compare register equals the number of bytes that 
are currently in the FIFO, then the byte count IP 



bit is set. The range of valid values for the 
comparison is from to 127 (7F^). 

3.9 BYTE COUNT REGISTER FREEZE OPERATION 

The Byte Count register tracks the number of bytes 
read from and written to the FIO's FIFO buffer. 
Since the count changes with each read or write 
cycle, a provision is made for "freezing" the 
count so the CPU can read the register's value. 
When set, bit 6 in Control Register 1 freezes the 
current value in Byte Count register. 

If there are reads or writes after the freeze bit 
is set, a read of the Byte Count register shows 
the frozen value and does not reflect the reads or 
writes that occur between the setting of the 
freeze bit and the read of the Byte Count regis- 
ter. The read clears the freeze bit. Until ano- 
ther read or write takes place, the frozen value 
in the Byte Count register is not updated with the 
current value. 

For example, if the Byte Count register shows 10 
transactions when the freeze bit is set, and there 
are five more transactions between the time the 
freeze bit is set and the time the Byte Count 
register is read, the read will return the frozen 
value, 10. If no further transactions (after the 
five) take place, another read of the Byte Count 
register will still return 10; if a read or write 
takes place, the current value (10 + 5 + any other 
transactions) is returned. 



3.10 CLEAR AND DATA DIRECTION OPERATION 

Care should be taken when changing the data direc- 
tion and clearing the FIFO buffer. Changing the 
Data Direction pin/bit when the Clear pin/bit is 
High and the FIFO buffer is not empty will cause 
improper operation. When changing the Data Direc- 
tion pin/bit the FIFO buffer must be empty. 
Putting the Clear pin/bit Low assures an empty 
FIFO buffer. 
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Figure 3-27. Clear: CPU-to-CPU Operation 
3.10.1 CPU-to-CPU Operation 

Clear Ope rat ion 



Figure 3-27, showing CLEAR operation in CPU-to-CPU 
operation. When bit D-j of Port 1 is 0, then Port 
1 has control over the Clear bit. When bit Dg is 
1, the FIFO buffer is not clear and is therefore 
ready to read or write data. If Dj is then set to 
1, and control of the clear function transfers to 
Port 2. It should be noted that if the Port 2 
side is reset when it has control of the Clear 



bit, the Clear bit is also reset (0). 



Figure 3-28. Data Direction: CPU-to-CPU Operation 
Data Direction Operation 

Figure 3-28 shows the data direction operation for 
CPU-to-CPU operation. When bit Dj is 0, Port 1 
controls data direction. When D5 is 1, Port 2 
controls data direction. Bit D4 of the appropri- 
ate CPU controls the actual transaction direction, 
relative to the controlling CPU. When D4 is 0, 
data is output from the CPU, and when D 4 is 1, 
data is input to the CPU. An inverter added to 
the logic ensures an accurate operation for each 
side. It should should be noted that if the Port 
2 side is reset when it has control of the Data 
Direction bit, the Data Direction bit is also 
reset. Thus, Port 2's Data Direction bit is and 
Port 1 's Data Direction bit is 1. 
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Figure 3-29. Clear: CPU-to-I/O Operation 
3.10.2 CPU-to-I/O Operation 

Clear Operation 



Figure 3-29 shows Clear operation in CPU-to-I/O 
operation. In these transactions, bit Dy controls 
whether the FIFO buffer is cleared by resetting Dz 
in Control Register 3 or by a system CLEAR signal 
input on pin 35. If D 7 is 0, Port 1 's bit D 6 of 
Control Register 3 clears the FIO when it is 0. 
If D 7 is 1, the FIO clears when a system CLEAR 
signal (active Low) is applied to pin 35. 



Figure 3-30. Data Direction: CPU-to-I/O Operation 



Data Direction Operation 



Figure 3-30 shows the data direction logic, 
bit D 5 is 0, Port 1 's bit D 6 in Control Register 3 
controls data direction. When D5 is 1, data di- 
rection control is via a system signal received at 
pin 34. The data direction bit and pin 34 are 
always the same (no inversion) logic level. 

Regardless of whether Port 1 or Port 2 has control 
of the data direction, Pin 34 determines Port 2 
handshake. Pin 34 Low (0) defines the Output 
Handshake operation; Pin 34 High (1) defines the 
Input Handshake operation. 
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Chapter 4 
Interfacing the FIO 
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4.0 OVERVIEW 

The FIO interfaces to many kinds of devices. The 
Z-BUS high-byte and law-byte configurations acco- 
modate such devices as the Z8000, Z8, and 8085, 
which require a multiplexed address/data bus. 
Devices such as the Z80, 8080, and 6800 use sepa- 
rate address and data buses which are supported by 
the FIO's non-Z-8US (nonmultiplexed) microproces- 
sor configuration. The 2-wire handshake 1/0 
configuration is the most commonly used parallel 
I/O protocol, and the 3-wire handshake 1/0 config- 
uration supports a multi-acceptor protocol. 

This chapter introduces interfacing the FIO to 
other devices, shows how the FIO interfaces to 
various bus structures, and shows how buffer 
interfaces larger than 128 bytes can be construct- 
ed with FIOs and FIFOs. 



4.1 INTERFACING CONSIDERATIONS 



4.1.1 Z-BUS Interfacing 

All Z-BUS memory or 1/0 transactions use the AS 
(Address Strobe) and DS (Oata Strobe) signals. 




These signals define the information currently on 
the bus as address information or data. An active 
AS signal latches the CS (Chip Select) signal, 
which is decoded from the correct 1/0 address and 
enables the FIO. During an active DS signal, data 
is available on the bus. If R/W is High during 
DS, data is read from 1/0 devices or from memory. 
If R/W is Low, data is written to 1/0 devices or 
to memory. 

Z-BUS 1/0 transactions are asynchronous with the 
CPU clock. 1/0 transactions are similar to memory 
transactions, except that 1/0 transactions are 
longer. Memory transactions use three clock 
cycles for completion, but a single wait state is 
added automatically to I/O transaction timing, and 
additional wait states can be inserted by forcing 
the WAIT line Low for as long as required. 

Z8000 Interfacing 

When interfacing to the Z8001 or Z8002 (see Figure 
4.1) in the Z-BUS low-byte configuration, the RJA 
bit (D-| of Control Register 0) can be either 1 or 
0. When RJA is the FIO takes the address infor- 
mation on AD1-AD4. This configuration is compati- 
ble with using Z8000 byte 1/0 (INS, 0UTB) instruc- 
tions. In byte 1/0, the ADg bit specifies which 
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When RJA is 1 the F 10 takes the address informa- 
tion on ADg-AD3- This conf lgurat ion is compatible 
with using Z8000 word I/O instructions (IN, OUT). 
Ihe word I/O instructions allow A[)q Lu be used as 
art address bit to the FIG. Ihis is useful when 
using a High and a tow byte FIO to do word trans- 
fers. This configuration is also useful for the 
user who wants consecutive I/O addresses and is 
not concerned with Z8000 register space. 

The Z-BUS high-byte and low-byte configurations, 
as well as the non-Z-BUS microprocessor configura- 
tions, support the Zilog daisy-chain priority 
interrupt protocols. These signal protocols allow 
a device requesting interrupt service to lock 
other, lower-priority devices out of the interrupt 
control bus, thus preventing interrupt generation 
by these devices. Higher-priority devices can 
still issue interrupt requests that override the 
original requestor's interrupt service routine. 

Additional discrete logic is required to decode 
the CPU status lines to provide an interrupt 
acknowlege signal for the FIO. The Z8000 CPU adds 
five additional wait states (between AS rising and 
D5 falling) to the interrupt transaction timing 
(F igure 4-2) as daisy-chain settling time and to 
allow time for the FIO to place its interrupt 
vector onto the bus. Section 3.3, Interrupt 
Operation, and the Zilog Data Book (document 
#00-2034-01) give further details. 



This interfacing r-onf inurat io" is i >ed with CPU* 
navmg separate address and data lines. Thr r .' 1 
is connected only to the dalj bus of such CPUs, sj 
a signal, C/D, must distinguish between control 
bytes and data bytes. In the non-Z-BUS configura- 
tion, the addresses of the f 10 internal registers 
must appear on data lines DQ-O3. Accordingly, the 
RJA bit (D.j of Control Register 0) is always set 
by the FIO. Section 3.1.1 details FIO internal 
operation in these configurations. 

In this configuration, the CF (Chip Enable) signal 
must be decoded from the 1/0 address of the FIO by 
external logic. Since CE is not latched, it must 
remain true during the entire 1/0 transaction. 



7 ^ IGNORED ^ 



HTSSR 



3 L 



X 



X~ 



Figure 4-2. Z8000 Interrupt Acknowledge Using 
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Figure 4-3. Non-Z-BUS 1/0 Tiaring 
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Z80 Interface 

I/O Request (IORQ) and Memory Request (MREQ) 
specify I/O or memory transactions; WR and RD 
specify write or read operations. During I/O 
operation, the Z80 inserts a wait state into the 
timing to give the FIO time to decode its address 
and to activate its own WAIT line if additional 
time is needed. Figure 4-3 shows this timing. 

The Z80 samples the INT line at the rising edge of 
the last clock cycle at the conclusion of every 
instruction. If an interrupt request is detected, 



the CPU issues an M1 signal without a correspond- 
ing MREQ signal. The Z80 adds two Wait states to 
allow the IEI/IE0 daisy chain interrupt lines to 
settle. External logic must generate an INTACK 
signal from these signal conditions. Figure 4-4 
shows various signals from the Z80 and the signals 
generated from these and sent to the FIO. Figure 
4-5 shows the external logic used to interface the 
FIO and other 8500 series peripherals to the Z80 
bus. When the generated INTACK and RD are both 
Low (active), the FIO places its interrupt vector 
on the bus, if enabled to do so. 
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Figure 4-4. Z80 Interrupt Acknowledge Tiaing 
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lhe 2-wire handshake com" luuraf. ion is usual I) t/ftefl 
when o single I/O devi-e communica' es with b LPu; 
the 3-wire-handshake configuration 'similar to the 
ItLl-488 standard inLerfai-el is used when a CPU is 
interfacing to a group of devic«"-. 

2- Wire Handshake Configuration 

During a data transfer into the FIO, RFD/DAV is 
forced High, signaling to the peripheral device 
that the FIO is ready for data. The peripheral 
places the data on the bus and acknowledges the 
transaction with ACKIN Low, latching the data into 
the FIO Data Buffer register on the falling edge. 
RFD then goes Low until the Data Buffer register 
is emptied into the buffer memory, at which time 
RFD goes High (active) if ACKIN has gone High 
(inactive). The cycle repeats until the peripher- 
al is through writing or until the buffer memory 
is full. When the buffer memory is full, RFD goes 
Low and remains so. 

During a data transfer from the FIO, DAV goes 
active (Low) to signify that data is available 
from the FIO's Data Buffer register. If ACKIN is 
High, signifying that the previous read from the 
FIO is completed, the device latches the data from 
the FIO and forces ACKIN Low. The FIO forces DAV 
High when the Data Buffer register is read. ACKIN 
strobes the next byte from the buffer to the Data 
Buffer register, DAV goes Low, and the cycle 
repeats until the FIO buffer is empty when DAV 
goes High and remains so. 

3- Wire Handshake Configuration 

During a data transfer into the FIO, the FIO 
forces RFD High (active) to signal that it is 
ready for data. The DAV input on pin 38 goes Low 
(active) to strobe the incoming data from the bus 
lines into the Data Buffer register. The DAC 
input goes High on pin 37 to show the input device 
that the data has been accepted. RFD on pin 39 
remains Low until the data has been moved from the 
Data Buffer register to the buffer memory. When 
RFD goes High again, the cycle repeats until the 
FIO buffer is full. 

During a data transfer from the FIO, the RFD 
signal from the peripheral devices goes High to 
show they are ready for data. DAV on pin 39 goes 
Low (active) to show that there is valid data on 
the bus. The peripheral devices return DAC High 
(active) on pin 37, signifying that the data has 
been accepted. When the peripherals are ready for 
more data, RFD reappears High on pin 37 and the 
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stop the transaction by holding RFC Low on pin 37. 

4.2 FIO EXPANSION INTERFACING 

FIOs can be combined to create 16-bit or widfi 
interfaces and to create buffers larger than 12B 
bytes. Section 3.1.2 illustrates FIO width expan- 
sion. The following text and illustrations show 
how FIOs can be combined or used with the Z8060 
FIFO buffer to create a buffer size of 512 bytes. 

Buffer size can be a critical factor in an I ZD- 
bound system. A larger buffer allows longer 
intervals between situations that reguire CPU 
intervention and can cut I/O overhead significant- 
ly. Using a device as powerful as the FIO, which 
conducts pattern matches and generates interrupts 
upon a variety of conditions, the CPU spends less 
time polling I/O devices. The FIO also conducts 
duplex DMA operation at system speeds, transfer- 
ring a byte each cycle, since the buffer can be 
read from and written to simultaneously [refer to 
Section 3.3, Reguest (DMA) Operation]. 

4.2.1 CPU-to-CPU 256-Byte FIO Buffer Expansion 

Figure 4-6 shows a configuration of FIOs that 
creates a 256-byte buffer. Port 2 of one FIO is 
interfaced to Port 2 of the other FIO, and both 
are programmed in the 2-wire handshake configura- 
t ion. 

The Empty and Full pins are wire-ORed to communi- 
cate these conditions only when both FIOs reflect 
the same condition. 

The message register feature does not operate in 
any of the expanded configurations, so some other 
provision must be made for communication between 
two CPUs controlling a multiple-FIO configura- 
tion. This can be done by using the INq and OUT i 
signals (mapped to pins 33 and 32, respectively, 
in the 2-wire handshake configuration). In the 
2-wire handshake configuration, the Port 1 CPU can 
set or reset bit D-j of Port 1 Control Register 3. 
The state of this bit is reflected in bit Dq and 
can be read by the OUT-] line from the opposite 
FIO. Conversely, the opposite FIO can set its own 
bit D-j, simultaneously setting bit Dq, which can 
then be read by the first FIO. 

The expansion process modifies the operation of 
the Byte Count register. When data is written to 
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Figure 4-6. CPU-to-CPU 256-Byte 
FIO Buffer Expansion 



a port, it moves (bubbles) to the first bit posi- 
tion of the buffer opposite the one that is 
writing. For example, if the left CPU is writing 
256 bytes to the FIOs shown in the the Figure 4-6, 
the right FIO buffer will be loaded with 128 bytes 
before any bytes are stored into the left FIO 
buffer. 

If 100 bytes are then written into this configura- 
tion from the left CPU, the right CPU can read its 
Byte Count register and obtain an accurate read of 
100 bytes. If the left FIO reads its Byte Count 
register, however, it will be empty. If another 
100 bytes are then transferred from left to right, 
t-he right CPU will read the buffer of its FIO as 
full (128 bytes loaded) and the left FIO will show 
200 minus 128 (or 72) bytes in its buffer. When 
256 bytes are written to this configuration, the 
wire-ORed full line will reflect a buffer-full 
state by going High. 

During a read from these filled buffers, each time 
a byte 13 read from the right FIO by its CPU, a 
bvte from the left FIO trickles across to the 
right FIO. Therefore, the left FIO buffer is 
emptied before the right FIO begins its countdown 
to empty. When both buffers are empty, the wire- 
ORed empty line reflects a buffer-empty state by 
going High. The empty and full interrupts are 
modified as well. Empty interrupts signify that 
both buffers are empty, and full interrupts signi- 
fy that both buffers are full. 

In this example, the. left FIO has control of Data 
Direction. Its Data Direction pin is an output 
and the right FIO's Data Direction pin is an 



input. To ensure proper operation an inverter is 
placed between the two FIOs 1 Data Direction pins. 
This provides, for example, that when the left FIO 
is in Output Handshake (Data Direction - 0) mode 
the right FIO will be in Input Handshake mode 
(Data Direction = 1). 

4.2.2 CPU-to-CPU 512-Byte FIO-to-FIFO Buffer 
Expansion 

Figure 4-7 illustrates a 512-byte buffer interface 
constructed from two Z8038 FIOs and two Z8060 
FIFOs. The Z8060 only operates in the 2-wire 
hand-shake configuration. The number of FIFOs 
used in such a configuration is limited only by 
economics and space. 

The FIOs and FIFOs share the same signal configu- 
rations used in the previous example, i.e., wire- 
ORed Full and Empty signals. In this configura- 
tion, however, all buffers must be filled (512 
bytes) before the Full signal is active, and all 
buffers must be empty before the Empty signal is 
active. 



4.2.3 CPU-to-Peripheral J84-8yte FIO Buffer 
Expansion 

Figure 4-8 illustrates a 394-nyte buffer interface 
constructed from one FIO and two FIFOs. Addi- 
tional FIFOs can he added as needed, each increas- 
ing the buffer capacity. As m the other config- 
urations, the 2-wire handshake conf i, nit ion must 
be used. 
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Figure 4-7. CPU-to-CPU 512-Byte FIO 
Buffer Expansion 
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Figure 4-8. CPU-to-I/O 384-byte FIO 
Buffer Expansion 
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Chapter 5 
Interlacing the FIO 



5.0 OVERVIEW 

The FIO manages data transactions between CPUs and 
between CPUs and peripherals. In some applica- 
tions, external logic 13 required to interface the 
FIO properly, and the software must support the 
target configuration. This chapter gives two 
examples of the FIO interfacing to devices: one 
example shows how the FIO interfaces between the 
Z8002 CPU and a controller, and the other example 
shows a Z8000-to-FI0-to-Z80 interface. 



5.1 



FIO INTERFACE BETWEEN 
CONTROLLER 



Z8002 AND A DISPLAY 



Figure 5-1 shows a typical application for the 
FIO: interfacing a display controller to the 
Z-BUS. The Z-BUS master, a Z8002 CPU, controls 
the transactions through Port 1 of the FIO. Port 
1 of the FIO is configured in the Z-BUS low byte 
mode by tying pins 19 (M^) and 21 (Mg) to ground. 
In this configuration, the Port 1 Data lines Dg-Dy 
connect directly to Z-BUS Address/Data lines 
ADg-AD7, and the FIO control registers are 
directly addressable via these signal line3. The 
FIO also accepts the Z-BUS interrupt signals 
directly. The FIO is mapped into I/O locations 
FFEO-FFFF. Figure 5-3 shows the software module 
to interface to the Z8002. 
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The Z8002 CPU loads the FIO buffer with data for 
the display controller. When the FIO buffer is 
full, the WAIT line prevents buffer overflow; when 
the buffer is empty, the FIO generates an inter- 
rupt request. Clearing the FIO buffer also resets 
the display controller. 

The signal connections between the FIO's Port 2 
and the display controller are straightforward. 
The DATA AVAILABLE signal selects the controller 
when active; the controller'3 READY line notifies 
the FIO's Acknowledge In line when it will accept 
more data. System RESET and the FI O CLE AR signals 
are ANOed to create the controller RESET signal. 

In this example, the Z8002 CPU addresses the FIO 
using byte I/O instructions. Therefore, the FIO's 
RJA bit (D1 of Control Register 0) is and the 
I/O addresses are all odd. 
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r — SYSTEM 



Figure 5-2. FIO Interface Between the 
Z8002 Rod a Display Controller 



Figure 5-1. FIO to Display Controller 



flu HQEHtt.1 I 1115 wUUULt CONTAINS * KKUCtl'UMi 10 JN1UM.UL 

'10 fOR UK WW A D1SPIAY. CONTROLLER. THE D 0RT 1 SIOC Of THE F 10 

[S COWJCCTEO 10 T : C L0W-0R0EK HALF DF TliE Z-BUS, «C THE PORI 2 SI0t 
[5 AN IMItRLOCKtD HANDSHAKE TO OUTPUT OA 1 ' 10 THE DISFLA V CONTROLLED:. 
rH FIO IS CHIP SELECTED BY I/O ADDRESSES f FED - FFFF. ! 

CONSTANT ! FIO REGISTER ADDRESSES ' 

CNTL_0 := 8FFE1 CNTL_1 := 5FTE3 

CNTL_2 := 8FFF3 CNTL_3 := SFFF5 

I NT ST AT := SFFE5 INT_STAT1 := SFFE7 

INT=STAT2 := 8FFE9 INT_STAT3 := SFFEB 

IN1_VECT0R :x SFFED FIOrDATA := SFFFF 

VECTOR := 8FU ' BASE VECTOR RETURNED DURING INTERRUPT ACK. SEQUENCE ! 



GLUBAL 

FIOJNIT PROCEDRE ! FIO INITIALIZATION PROCEDURE I 

ENTRY 

PUSH 8R15, RO ! SAVE RO ! 

LDB RLO, #801 

OUTB #8FFE0 RLO ! RESET FIO ! 

CLRB RLO 

0U1B CN1L_0, RLO ! TURN OFF RESET ! 

LDB RLO, #8(2)10011100 

0U1B CNTL_0, RLO ! MIE ON, VECTOR INCLUDES STATUS, 

INTERLOCKED H.S. ON PORT 2 SIDE, 
RJA = (AD^AD^) ! 

LDB RLO, #8(2)00000001 

OUTB CNTL_1, RLO ! WAIT ENABLED ! 

LDB RLO, #8(2)01000000 

OUTB CNTL_3, RLO ! PORT 1 SIDE CONTROLS CLEAR AND DAT A 

DIRECTION, PORT 1 ACCEPTS CPU OUTWIT, 
BUFFER CAN HOLD DATA (CLEAR REMOVED) ! 



LDB RLO, #VECTOR 

OUTB INT_VECTOR, RLO ! LOAD BASE INTERRUPT VECTOR, 

VECTOR RETURNED DURING INTERRUPT ACK. 
WILL CONTAIN STATUS IN BITS 1,2, AND 3 ! 

LDB RLO, #8(2)00000011 

OUTB CNTL_2, RLO ! ENABLE PORT 2 AND PORT 2 HANDSHAKE ! 

POP RO, gfi15 ! RESTORE RO! 

RET 

END FIOJNIT 

END FIO 



Figure i-3. Z8002 Initialization Module for the FIO 



5.2 FIO INTERFACE BETWEEN Z-BUS AH) 280 

Figure 5-2 shows the FIO interfacing the Z-BUS to 
the Z80 bus. In this example, the Z-BUS connects 
to Port 1 of the FIO via Address/Data lines 
ADq— ADy, as in the previous example. The Z8002 
CPU controls the CLEAR and DATA DIRECTION func- 
tions. The DTC device fills and empties the 
buffer by DMA transactions to and from Z-BUS 
memory. Port 1 of the FIO is mapped into I/O 
locations FFEO-FFFF. Figure 5-4 shows the Z80 
interrupt acknowledge timing. The logic necessary 



to generate this timing is shown in Figure 5-5. 
For more information, see Zilog's Application 
Brief, Interfacing 8500 Peripherals to the Z80 
(doc#00-2104-01). 

In the software given in Figure 5-6, a Z8000 rou- 
tine initializes Port 1 to receive data from the 
Z8002 system. The FIO requests a DMA transaction 
when the buffer contains 10 or less bytes. The 
following Z80 program initializes Port 2. The 
FIO's data port is at address FE, and the control 
port is at address FF. 
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Figure 5-4. Z80 Interrupt Acknowledge Timing 




Figure 5-5. ZBO INIAI K Catemt inn 
for the f 10 
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AND BJTfL.: i-LLARlM. . TRANSFERS BCiWt.CN MEHCR'i Hi, I«»f FIO ON 
1HL ZBUiK' SiDE AKE HANDLED BY A DMA CONTROLLER. THl 78000 15 
C0NNEL1ED I'J IHf PORT 1 SIDE OF THE FIO; 1 HE FIO IS CHIP 
SELECTED BY 1/0 PORI ADDRESSES FFEO THROUGH FFFf, AND IS CON- 
NECTED TO THE LOWER HALF OF THE Z-BUS ! 



C0NS1AN1 



! FIO RLGIS1ER ADDRESSES I 
CNTL_D := SFFE1 CNTL_1 := SFFE3 

CNTL_2 := SFFF3 CNTL_3 := »"FF5 

INT_STATO SFFE5. INT_STA11 := KFFE7 

INT_STAT2 := XFFE9 INT_S1AT3 := KFFEB 

BY1E_CN1 :r SFFEF INT_VECTOR := XFFED 

F 1 0_DAT A := SFFFF DATA_CNT_CHP := »FF1 

MSG_IN := SFFF9 MSG_OUT := M FF7 

VECTOR := S80 ! BASE VECTOR ! 

STARTING CNT := 10 ! INITIAL BYTE COMPARISON REGISTER COUNT ! 



GLOBAL 

FI0_INI1 PROCEDURE 
ENTRY 

PUSH BRlb, RO ! SAVE RO ! 

LDB RLO, «01 

OUTB «FFEO, RLO ! RESET FIO ! 

CLRB RLO 

OUTB CNTL_0, RLO ! TURN OFF RESET ! 

LDB RLO, t%(2) 10010100 

OUTB CNTL_0, RLO ! MIE ON, VECTOR INCLUDES STATUS, 

PORT 2 15 NON-Z-BUS CPU, 
REG. ADDRESSES SHIFTED LEFT 1 BIT ! 

LDB RLO, *S(2)01000000 

OUTB CNTL_3, RLO ! PORT 1 SIDE CONTROLS CLEAR AND DATA 

DIRECTION, PORT 1 GETS CPU OUTPUT ! 

LDB RLO, #VECTOR 

OUTB INT_VECTOR, RLO ! LOAD BASE VECTOR, VECTOR RETURNED 
DURING INT. ACK. INCLUDES STATUS ! 

LDB RLO, t%{ 2) 11000000 

0U1B INT_ST ATO, RLO ! ENABLE MAILBOX REGISTER INTERRUPT ! 



LDB RLO, #S( 2) 00000001 

OUTB CNTL_2, RLO ! ENABLE PORT 2 SIDE ! 



LDB RLO, *STARTING_CNT 

OUTB DATA_CNT_CMP, RLO ! LOAD COUNT OF 10 INTO BYTE COUNT 
COMPARE REGISTER, REQUEST WILL BE 
MADE TO DMA WHEN BUFFER HAS 10 OR 
LESS BYTES IN IT ! 

LDB RLO, #£(2)00000111 

OUTB CNTL_1, RLO ! REQUEST TO DMA ENABLED ! 

POP RO, SR15 ! RESTORE RO ! 

RET 

END FIO_INIT 
END FIO Z8000 TO Z80 



Figure ^-6. FIO Port 1 Initialization 



THIS Z80 PROGRAM INITIALIZES PORT 2 OF AN FIO 
USED TO CONNECT A Z8000 AND Z80 SYSTEM TOGETHER 
WITH THE Z80 RECEIVING DATA FROM THE FIO, VIA 
AN INTERRUPT WHEN THE FIFO BUFFER IS FULL. 
THE FIO'S DATA PORT IS AT PORT FE HEX, AND THE 
CONTROL PORT IS AT PORT FF HEX. 



FIODAT EQU OFEH ;FIO DATA PORT ADDRESS 

FIOCTL EQU FIOOAT+1 ;FIO CONTROL PORT ADDR 

FIOVEC EQU 0010H ;FIO INT. VECTOR ADDR 



START: 



IN 

XOR 

OUT 

LD 

OUT 

XOR 

OUT 

OUT 

LD 

OUT 



A, (FIOCTL) 
A 

(FIOCTL), A 
A,1 

(FIOCTL), A 
A 

(FIOCTL), A 
(FIOCTL).A 
A,1 

(FIOCTL), A 



; INSURE STATE 
; CLEAR REG A 
; REMOVE RESET 
; POINT TO REG 1 

;CLEAR REG A 
;CLEAR RESET 
; POINT TO REG 
;SET RESET BIT 
:FIO IS RESET NOW 



WAITLP: 



IN 

CP 

JR 

XOR 

OUT 



A, (FIOCTL) 
OOOOOOOOI 
Z, WAITLP 
A 

(FIOCTL), A 



READ REG 
CHECK PORT 2 MODE 
LOOP UNTIL SET 
CLEAR RESET 



LD 

LD 

LD 

OTIR 

RET 



HL.FIOLST 
C, FIOCTL 
B.FIOEND-FIOST 



;LOAD INIT LIST PTR 
;LOAD FIO PORT ADDR 
;LOAD LIST LENGTH 



FIOLST: 

DEFB 
DEFB 
DEFB 
DEFB 
DEFB 
DEFB 
DEFB 
DEFB 
DEFB 
DEFB 
DEFB 
DEFB 
DEFB 
DEFB 
DEFB 
DEFB 
FIOEND: EQU 



10010010B 
1 

00000001 B 
6 

FIOVEC. AND. 255 

2 

11000000B 
3 

000010108 
3 

110011008 
4 

00001 100B 
5 

11C01100B 
$ 



CTRL REGISTER 
MIE, VIS, RJA 
CTRL REG 1 

NO DMA, WAIT ENABLED 
INT VECTOR REG 
LOWER INTERRUPT VECTOR 
INT STATUS REG 
SET MESSAGE IE 
INT STATUS REG 1 
CLEAR PATTERN MATCH IP 

SET PM IE, SET DOC IE 
INT STATUS REG 2 
SET ERROR IE 
INT STATUS REG 3 
SET FULL IE, EMPTY IE 



FND 



Figure 5-7. r IC Poil Z Initialization 
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PIN ASSIGNhCNTS 



Z-BUS Low Byte Mode: Port 1 Side 



Pin Signals 



Pin Nurtlers 



Signal Description 



ADq-AU 7 (Address/Data) 
RTQ/WATt (Request/Wait) 

DMASTB (Direct Memory Access Strobe) 
55 (Data Strobe) 
R/i" (Read/Write) 

CS (Chip Select) 
AS (Address Strobe) 



INTACK (Interrupt Acknowledge) 
1E0 (Interrupt Enable Out) 
IEI (Interrupt Enable In) 
IN? (Interrupt) 



11-18 
1 

2 
3 
4 

5 
6 
7 



Multiplexed bidirectional address/data lines 
Output 



Z-BUS compatible, 
active tow. REQUEST (ready) line for DMA transfer; WAIT line 



(open-drain) output for synchronized CPU and EIO data transfers. 
Input, active tow. Strobes DMA data to and from the FIFO buffer. 
Input, active tow. Provides timing for data transfer to or from FIO. 
Input; active High signals CPU read from FIO; active tow signals CPU write 
to FIO. 

Enables FIO. latched on the rising edge of AS. 
Addresses, CS and INTACK sampled while AS low. 
Acknowledges an interrupt. Latched on the rising edge 



Input, active Low. 
Input, active Low. 
Input, active Low. 

of AS". 

OuLput , active High 
pin. 

Input , active High. 
IEO signal. 

Output, open drain, active tow 



Sends interrupt enable to lower priority device IEI 
Receives interrupt enable from higher priority device 
Signals FIO interrupt reguest to CPU. 



Z-BUS tow Byte Mode: Port 2 Side 



Pin Signals 



Signal Description 



AD -AD 7 (Address/Data) 
RM/HAlT (Request/Wait) 

DMASIB (Direct Memory Access Strobe) 
OS (Data Strobe) 
R/if (Read/Write) 

CS (Chip Select) 

AS (Address Strobe) 

INTACK (Interrupt Acknowledge) 

ICQ (Interrupt Enable Out) 

IEI (Interrupt Enable In) 

TnT (Interrupt) 
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n 
n 

37 
36 



J2 
31 



Multiplexed bidirectional address/data lines 
Output 



Z-BUS compatible, 
line for DMA transfer; WAIT lir 



active Low. REQUEST (ready) 
(open-drain) output for synchronized CPU and FIO data transfers. 
Input, active Low. Strobes DMA data to and from the FIFO buffer. 
Input, active tow. Provides timing for data transfer to or from FIO. 
Input; active High signals CPU read from FIO; active Low signals CPU write 
to FIO. 

Input, active low. Enables FIO. Latched on the risinq edge of AS. 

Input, active tow. Addresses, CS and INTACK sampled while AS Low. 

Input, active tow. Acknowledges an interrupt. Latched on the rising edge of 

AS. 

Output, active High. Sends interrupt enable to lower priority Jevice Ed 
pin. 

Input, active High. Receives interrupt enable from hiqher priority device 
IEO signal. 

Output, open drain, active Low. Signals F1U interrupt reguest to CPU. 
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EWVSTB (Direct Mr*>ory t-c-ss Strobe) 2 

DS (Data St rote 3 

R/W vRead'Writei * 

CS (Chip Select > t> 

AS (Address 5trobe) 6 

INT ACK (Interrupt Acknowledge) 7 

a:- (Interrupt Enable Out) B 

IE1 (Interrupt Enable In) 9 

TnT (Interrupt) 10 



-■■ «,« < nm a i i r.-. /-rtns rnmnai lb . 

. r i .twly tine for DMA transfer; itATT line 
lo.nn dintr' tiuipyl f or iiynchrofiired CPU anri FIO date transfers. 
Input , active I (ih. S'tol- & DMA del i to and fro» the FIfO buFfer. 
lAput, «rtivp I aw. FruvitiKtj I lining for data trd-tnier to or fron MO. 
Input; artive Hiqh signals CPU r«ad from FID; active low signals CPU write 
to f 10. 

Envies FID. Latched on the rising edge of AS. 
Addresses, CS and INTACK sampled while R5 Low. 
Ar:knuwJedgi>s an interrupt. Latched on the rising edge 



Inyut , i. ' 1 ve Ltiw. 
Input, act ive Low. 
Input , at ! tvfl I ow. 
of AS. 

Output , act ive High 
pin. 

Input, active High. 
IfO signal. 

OuipuL, open drain, active Low. 



Sends interrupt enable to lower priority device IC1 
Rectijveti interrupt enable rrorr, higner priority device 
Signals F10 interrupt request to CPU. 



Nor>-Z-BUS Mode: Port 2 Side 



Pin Signals 



Pin NuM>ers 



Signal Description 



D0-D7 (Date) 

RTQ/WATT (Request/Wait) 

DACK (DMA Acknowledge) 

RD (Read) 

WR (Write) 

cf (Chip Select) 

C/D (Control/Data) 



1NIACK (Interrupt Acknowledge) 
1L0 (Interrupt Enable Out) 

IE1 (Interrupt Enable In) 
INT (Interrupt) 
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37 
36 
3i 
34 

33 
32 



Bidirectional data bus. 

Output, active Low. RFOUCST (ready) line for DMA transfer; WAII line 
(open-drain) output for synchronized CPU and F10 data transfer. 
Input, active Low. DMA acknowledge. 
Input active Low. Signals CPU read from FIO. 



Input, active Low. 
Input, active Low. 
Input, active High, 
data byte on Dq-D^. 
Input , active Low. 
Output, active High, 
pin. 

Input, active High. 
ILU signal. 
Output, open drain, 



Signals CPU write to FIO. 
Used to select FIO. 
Identifies control byte on DQ-Dy; active Low idertifie 

Acknowledges an interrupt. 

Sends interrupt enable to lower priority device IE I 

Rece 1 ves inter rupt enab le from h iqher pr ion ty device 

active Low. Signals f!0 interrupt to CPU. 
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Figure A-2. Z-BUS-Lo»-Byte to Non-2-BUS 
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PIN ASSIGNICNTS 



Z-BUS Low Byte Mode: Port 1 Side 



Pin Signals 



Pin NiMfcers 



Signal Description 



AD Q -AU 7 (Address/Data) 
REG/WATT (Request/Wait) 



OMASfB (Direct Memory Access Strobe) 
DS (Data Strobe) 
R/W (Read/Write) 

CS (Chip Select) 

A5 (Address Strobe) 

INTACK (Interrupt Acknowledge) 

IEO (Interrupt Enable Out) 

IEI (Interrupt Enable In) 

m (Interrupt) 



11-18 Multiplexed bidirectional address/data lines, Z-BUS compatible. 

1 Output, active Low. REQUEST (ready) line for DMA transfer; WAI T line 

(open-dram) output for synchronized CPU and FIO data transfers. 
Input, active Low. Strobes DMA data to and from the FIFO buffer. 
Input, active Low. Provides timing for data transfer to or from FIO. 
Input; active High signals CPU read from FIO; active Low signals CPU write 
to FIO. 

Enables FIO. Latched on the rising edge of AS. 



Input, active Law. 
Input, active Low. 
Input, active Low. 
of AS*. 

Output, active High, 
pin. 

Input, active High. 

IEO signal. 

Output , open drain, 



Addresses, CS and INTACK sampled while AS Low. 
Acknowledges an interrupt. Latched on the rising edge 

Sends interrupt enable to lower priority device IEI 

Receives interrupt enable from higher priority device 

active Low. Signals FIO interrupt request to CPU. 



5-Wire Handshake: Port 2 Side 



Pin Signals Pin Ni««.ers 


Signal Description 


Oq-D, (Data) 
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Bidirectional data bus. 


RFD/DAV (Ready for Data/Data Available) 


39 


Output, RFD active High. Signals peripherals that FIO is ready to receive 






data. DAV active Low signals that FID is ready to send data to peripherals. 


DAV7DAC (Data Available/Data Accepted) 


38 


Input; DAV (active Low) signals that data is valid on bus. DAC (active 






High) signals that output data is accepted by peripherals. 


OAC/RFD (Data Accepted/Ready for Data) 


37 


Direction controlled by internal programming. Both active High. DAC (an 






output) signals that FIO has received dsta from peripheral; RFO (an input) 






signals that the listeners are ready for data. 


EMPIY 


36 


Output, input, open drain, active High. Signals that FIFO buffer is empty. 


CLEAR 


35 


Programmable input or output, active Low. Clears all data from FIFO buffer. 


DA1A DIR (Data Direction) 


34 


Programmable input or output. Active High signals data input to port 2; Low 






signals data output frum port 2. 


■ft 


33 


Input line to Dq of Control Register 3. 


OUI, 


32 


Output line from Dj of Control Register 3. 


0E (Output Enable) 


31 


Input, active Low. When Low, enables bus drivers. When High, floats bus 






drivers at high impedance. 


OUT j 


30 


Output line from Dj of Control Register 3. 



RTa/WAiT £ 
DMASTB £ 
DSC 
WW £ 

csC 

AS £ 
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IEO £ I 
IEI £ I 
INiC ' 

AO, C 
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!,,.;■ A >. I 'r,'in. Hytc to ) mrc Handshake 



PIN ALGICNK \TL 

Z-BUS Low Byte Mode: Port 1 Side 



Pin Sicmula 


Pin Nunbere 


Signal Description 

. 


AI) ir AD 7 (AddrBau/l/dtn! 


11-11) 


Multiple«ed bidirectional addrees/dat a lines, Z-RUS compatible. 


REQ/WAI I ( Request/ Mai t ) 


1 


Output, active Low. RCUdCSI (read,) line lor DMA transfer; NAM line 






(upen-drain) output for synchronized Ou and FIO data transfers. 


DMASTB (Direct Memory Access Strobe) 


2 


Input, active Low. SLroues DMA data to and Trow the EIE0 buffer. 


uj lUdLa jl roue ^ 


j 




R/S" (Read/Write) 


4 


Input; active High signals CPU read from E10; active Low signals CPU wiite 






to EI0. 


C5 (Chip Select) 


5 


Input, active Low. Enables EI0. Latched on the rising edge of AS. 


AS (Address Strobe) 


6 


Input, active Low. Addresses, CS and INIACK sampled while AS Low. 


IN1ACK (Interrupt Acknowledge) 


7 


Input , active Low. Acknowledges an interrupt, latched on the rising edge 


IEO (Interrupt Enable Uut) 


B 


Output, active High. Sends interrupt enable to lower priority device 1EI 


1E1 (Interrupt Enable In) 


9 


pin. 

Input, active High. Receives interrupt enable from higher priority device 






1E0 signal. 


INT (Interrupt) 


10 


Output, open drain, active tow. Signals E10 interrupt request to CPU. 


2-Wire Handshake: Port 2 Side 


Pin Signals 


Pin Nuabers 


Signal Description 


Dn-D 7 (Data) 


29-22 


Bidirectional data bus. 


RE D/DAV (Ready for Data/Data Available) 39 


Output, RED active High. Signals peripherals that FID is ready to receive 






data. DAV active tow signals that EI0 is ready to send data to peripherals. 


ACK1N (Acknowledge Input) 


38 


Input, active Low. Signals FIO that output data is received by peripherals 






or that input data is valid. 


FULL 


37 


Output, input, open drain, active High. Signals that FIO buffer is full. 


EMP1Y 


36 


Output, input, open drain, active High. Signals that FIFO buffer is empty. 


CLEAR 


3!> 


Programmable input or output, active Low. Clears all data from FIFO buffer. 


DATA DIR (Data Direction) 


34 


Programmable input or output. Active High signals data input to Port 2; Low 






signals data ouLput from Port 2. 


INq 


33 


Input line to Dg of Control Register 3. 


oui 


32 


Output line from D 1 of Control Register 3. 


OE (Output Enable) 


31 


Input, active Low. When tow, enables bus drivers. When High, floata bus 






drivers at high impedance. 


DUI 3 


30 


Output line from D3 of Control Register 3. 
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Figure A-4. 2-BUS-Low-Byte to 2-Mire-Handshake 



2051-028 



Fiijure A 1 . I ntrS-l ow-Hyte to 3-<fire H».nd3r><i»'e 



; High Byti Node: Per: 1 Side 



"in Signals 



Pin Nt»r>rri 



Sirjrial Oewcript ion 



ADjm - a. ; . aooi ess / L'st a) 


1 l-1o 


null iplenen bidirert 


rTO- "TAi T ' hequetit/Wait) 


1 


Output, active tow. 






(open-diain) output 


OHASIfc) iDirert Mewry Arcess Strobe) 


2 


Input , ert ive Low. 


US (Oats Strobe) 


3 


Input, active Low. 


K/ w \ ht- riii, nr 1 ie 1 


4 


'it' t i vi- H i nh 
. 1 l . «*- Live ' 1 1 ' J 1 1 . 






to no. 


CS (Chip Select) 


5 


Input , act ive Low. 


A5 (Address Strobe) 


6 


Input , active Low. 


Aq (Address Bit 0) 


7 


Input , art ive High. 


A, (Address Bit 1) 


B 


Input, active High. 


A, (Address Bit 2) 


9 


Input , active High. 


Aj (Address Bit J) 


10 


Input , act ive High. 



lonal address/da! a lines, NflUS compatible. 

HEUuTSI (ready) line for DMA transfer; HAM line 
for synchronised CPU and ( IU cidta transfer^. 
Strobes DHA data to and from the FIFO buffer. 
Provides tiwing for transfer of data to or from F10. 

Signals CPU read from F10; active Low signaiB CPU write 

Enables TID. Latched on the rising edge of AS. 
Addresses, CS and INTACK are sampled while AS is Low. 
With A], &2> snt * *}t addresses FIQ internal registers. 



Kith A Q , 
Kith Aq, 



and A3 
and A -i 



addresses FIO internsl registers, 
addresses FIO internal registers. 



With An., Ai, and A2, sddresses FIO internal registers. 



Non-Z-BUS Mode: Port 2 Side 



Pin Signals 



Pin Nuabers 



Signal Description 



D0-D7 (Data) 

RCO/SaTT (Request/Wait) 

DACK ( DMA Acknowledge) 

RD (Read) 

WR (Write) 

CC (Chip Select) 

C/D (Control/Data) 



1 MACK (Interrupt Acknowledge) 
1E0 (Interrupt Enable Out) 



29-22 
39 

3B 

37 
36 
35 
3A 

33 
32 



Bidirectional data bus. 

Output, active Low. REQUEST (ready) line for DMA transfer; WAI T line 

(open-drain) output for synchronized CPU and FIO data transfer. 

input, active Low. DHA acknowledge. 

Input active Low. Signals CPU read from FIQ. 

InpuL, active Low. Signals CPU write to FIO. 

Used to select FIO. 
Identifies control byte on Dq-Dj; active Low identifies 



1EI (Interrupt Enable In) 
TnT (Interrupt) 



Input, active Lew. 
Input , act ive High 
data byte on Dq-D-j 
Input, active Low. 
Output, active High, 
pin. 

Input, active High. 
1E0 signal. 

Output, open drain, active Lo 



Acknowledges an interrupt. 

Sends interrupt enable to lower priority device IEI 

Receives interrupt enable from higher priority device 

Signals FIO interrupt to CPU. 
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Figure A-6. Z-BUS-High-Byte to Non-Z-BUS 



rt 



A-6 



2051-030 



Z-BUS High Byte Mode: Port 1 Side 



Pin Signals 



Pin Numbers 



Signal Description 



AD -AD 7 (Address/Data) 



REQ/WAIT 



at/Wait) 



DMASTB (Direct Memory 
DS (Data Strobe) 
R/W (Read/Write) 

CS (Chip Select) 
AS (Address Strobe) 
An. (Address Bit 0) 
A 1 (Address Bit 1) 
A 2 (Address Bit 2) 
Aj (Address Bit 3) 



Access Strobe) 



11-1S 
1 

2 
3 

5 
6 
7 
8 
9 
10 



Multiplexed bidirectional address/data lines, Z-BUS compatible. 
Output, active tow. REQUEST (ready) line for DMA transfer; WAIT line 
(open-drain) output for synchronized CPU and FIO data transfers. 
Input, active low. Strobes DMA dats to and from the FIFO buffer. 

Provides timing for transfer of data to or from FIO. 
Signals CPU read from FIO; active tow signals CPU write 



Input, active tow. 

Input, active High, 
to FIO. 

Input, active Low. 

Input, active Low. 

Input, active High. 

Input, active High. 

Input, active High. 

Input, active High. 



Enables FIO. latched on the rising edge of AS. 
Addresses, CS and INTACK are sampled while AS is Low. 

With A, , A 2 , and A3, addresses FIO internal registers. 

With An, A2, and A3, addresses FIO internal registers. 

With An, A1 , and A3, addresses FIO internal registers. 

With Aq, A-], and A 2 , addreases FIO internal registers. 



J-Wire Handshake: Port 2 Side 



Pin Signals 



Pin Nu*ers 



Signal Description 



Do-D 7 (Data 

RFD/DAV (Ready for Data/Data Available) 
DAV/DAC (Data Available/Data Accepted) 
DAC/RFD (Data Accepted/Ready for Data) 



EMPTY 
CLEAR ' 
DATA DIR (Data Direction) 



OUT, 

0E (Output Enable) 



OUT3 



29-22 Bidirectional data bus. 
39 Output, RFD active High. Signals peripherals that FIO is ready to receive 

data. DAV active Low signals that FIO is ready to send data to peripherals. 
38 Input; DAV (active Low) signals that data is valid on bus. DAC (active 

High) signals that output data is accepted by peripherals. 
37 Direction controlled by internal programming. Both active High. DAC (an 

output) signals that FIO pns received data from peripheral; RFD (an input) 

signals that the listeners are ready for data. 
36 Output, input, open drain, active High. Signals that FIFO buffer is empty. 

35 Programmable input or output, active Low. Clears all data from FIFO buffer. 

34 Programmable input or output. Active High signals data input to port 2; Low 

signals data output from port 2. 
33 Input line to Dn. of Control Register 3. 

32 Output line from D-) of Control Register 3. 

31 Input, active Low. When Low, enables bus drivers. When High, floats bus 

drivers at high impedance. 
30 Output line from D3 of Control Register 3. 
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Figure A-/. Z-BUS-High-Byte to 3-Wire-Handshake 



PIN ASSIGWCNIS 



2-BU5 High Byte Mode: Port 1 Side 



Pin Signals 



Plr, Numbers 



Signal Description 



Al . - a; ■ 7 (Addresa/Oala) 
REtt/WATl (Requaat/Walt) 



DHA5I8 (Direct Memory Access Strobe) 
DS (Data Strobe) 
R/f (Read/Write) 

CS (Chip Select) 

AS (Address Strobe) 

Aq (Address Bit 0) 

A, (Address Bit 1) 

A? (Address Bit 2) 

Aj (Address Bit 3) 



11-1B 
1 

2 
3 
4 

5 
6 
7 
6 
9 
10 



Multiplexed bidirectional address/data lines, Z-BUS compal ible. 
Output, active Low. RE0.UESI (ready) line for DMA transfer; WA11 line 
(open-drain) output for synchronized CPU and FIO data transfers. 
Input, active tow. Strobes DMA data to and from the TirO buffer. 

Provides Liming for transfer of data to ur from no. 
Signals CPU read from flO; active tow signals CPU write 



Input, active tow. 

Input, active High. 

to no. 

Input, active tow. 

Input, active tow. 

Input, active High. 

Input, active High. 

Input , active High. 

Input, active High. 



Enables flO. tatched on the rising edge of AS. 
Addresses, CS and INIACK are sampled while AS is tow. 

With At , A2, and Aj, addresses FlO internal registers. 

With Aq, A 2 , and A3, Bddresses FlO internal registers. 

With Aq, A-i , and A3, addresses FIO internal registers. 

With Aq, A 1( and A 2 , addresses FlO internal registers. 



2-Kire Handshake: Port 2 Side 



Pin Signals 


Pin Numbers 


Signal Description 


DQ-D7 (Data) 


29-22 


Bidirectional data bus. 


RFD/DAV (Ready for Data/Data 


Available) 39 


Output, RFD active High. Signals peripherals that FlO is ready to receive 






data. DAV active tow signals that FIO is ready to send data to peripherals. 


ACK1N (Acknowledge Input) 


36 


Input, active tow. Signals FIO that output data is received by peripherals 






or that input data is valid. 


FUtt 


37 


Output, input, open drain, active High. Signals that FIO buffer is full. 


EhPlY 


36 


Output, input, open drain, active High. Signals that FIFO buffer is empty. 


clear 


35 


Programmable input or output, active Low. Clears all data from FIFO buffer. 


DATA DIR (Data Direction) 


34 


Programmable input or output. Active High signals data input to Port 2; tow 






signals data output from Port 2. 




33 


Input line to Dq of Control Hegister 3. 


OUTq 


32 


Output line from D-j of Control Register 3. 


OF (Output Enable) 


31 


Input, active Low. When tow, enables bus drivers. When High, floats bus 






drivers at high impedance. 


OUf j 


30 


Output line from D3 of Control Register 3. 




B, . 1, Bo - 1 

Figure A-8. Z-BtlS-High-Byte to 2-Wire-Hand 3 hake 



A-8 



20514)32 



PIN ASSIGNMENTS 



Non- Z-BUS Mode: Port 1 Side 



Pin Signals 



Pin Numbers 



Signal Description 



D0-D7 (Data) 

REQ/WATT (Request/Wait) 

DACK (DMA Acknowledge) 

RD (Read) 

WR (Write) 

CE (Chip Select) 

C/D (Control/Data) 

INIACK (Interrupt Acknowledge) 
IEO (Interrupt Enable Out) 

IE1 (Interrupt Enable In) 

INT (Interrupt) 



11-18 Bidirectional data bus. 

1 Output, active Low. REQUEST (ready) line for DMA transfer; WAIT line 
(open-drain) output for synchronized CPU and FIO data transfer. 

2 Input, active Low. DMA acknowledge. 

3 Input active Low. Signals CPU read from FIO. 
it Input, active Low. Signals CPU write to FIO. 
b Input, active Low. Used to select FIO. 

6 Input, active High. Identifies control byte on DQ-D7; active Low identifiei 
data byte on D0-D7. 

7 Input, active Low. Acknowledges an interrupt. 

8 Output, active High. Sends interrupt enable to lower priority device 1EI 
pin. 

9 Input, active High. Receives interrupt enable from higher priority device 
IEO signal. 

10 Output, open drain, active Low. Signals FIO interrupt to CPU. 



Z-BUS Low Byte Mode: Port 2 Side 



Pin Signals 



Pin Ni«bers 



Signal Description 



ADQ-AD7 (Address/Data) 
rTq/WATT (Request/Wait) 



DHASTB (Direct Memory Access Strobe) 
DS (Data Strobe) 
R/W (Read/Write) 

CS (Chip Select) 

AS (Address Strobe) 

INTACK (Interrupt Acknowledge) 

IEO (Interrupt Enable Out) 

IEI (Interrupt Enable In) 

INI (Interrupt) 



29-22 Multiplexed bidirectional address/data lines, Z-BUS compatible. 
39 Output, active tow. REQUEST (ready) line for DMA transfer; WAIT line 

(open-drain) output for synchronized CPU and FIO data transfers. 
38 Input, active Low. Strobes OKA data to and from the FIFO buffer. 

37 Input, active Low. Provides timing for data transfer to or from FIO. 

36 Input; active High signals CPU read from FIO; active Low signals CPU write 

to FIO. 

35 Input, active Low. Enables FIO. Latched on the rising edge of AS. 

3a Input, active Low. Addresses, CS and INTACK sampled while AS Low. 

33 Input, active Low. Acknowledges an interrupt. Latched on the rising edge 

of AS. 

32 Output, active High. Sends interrupt enable to lower priority device IEI 

pin. 

31 Input, active High. Receives interrupt enable from higher priority device 

IEO signal. 

30 Output, open drain, active Low. Signals FIO interrupt request to CPU. 
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Figure A-9. Non-Z-RUS to Z-BUS-l ow-By te 



20S' nsi 



FIN JGSIBtCNTS 



Non-Z-BUS Hade: 



Port 1 Sid 



Pin Signal!) 



Pin NuaberH 



SiqnaJ Description 



Do-D 7 (Data) 


11-- 


BFQ/iMT (Request/Nalt) 


1 


BACK (DMA Acknowledge) 


2 


RD (Read) 


3 


■ (Write) 


4 


CE (Crup Select) 


5 


C/D (Control /Data) 


£ 


INIAre (Interrupt Acknowledge) 


7 


IEO (Interrupt Enable Out) 


e 


IEI (Interrupt Enable In) 


9 


INT (Interrupt) 


10 



R ] rii red J onai data bus. 

Output, why I. on. RF.QUF.SI (ready) line Tor DMA transfer; 5aF1 line 

(open-drain) output for synchronized CPU and FIO data tranHfer. 

lnfitit, active Lom. DMA acknowledge. 

Input active Low. Signals CPU read from TIO. 

Input, active Low. Signals CPU write to F10. 

Input, active Low. Used to select FIO. 

Input, active High. Identifies control byte 00DQ-D7; actiwe Low identifies 
data byte on Dq-Oj. 

Input, active Low. Acknowledges an interrupt. 

Output, active High. Sends interrupt enable to lower priority device IEI 
pin. 

Input, active High. Receives interrupt enable from higher priority device 
IE0 signal. 

Output, open drain, active Low. Signals FIO interrupt to CPU. 







Non-Z-BUS He 


K)e: Port 


2 Side 




Pin Signals 


Pin Nuatoera 




Signal Description 



Dn-D 7 (Data) 

REQ/KAIT (Reguest/Wait) 

DACK (DMA Acknowledge) 
RD (Read) 
WR (Write) 
cT_(Chip Select) 
C/D (Control/Data) 



INTACK (Interrupt Acknowledge) 
ICO (Interrupt Enable Out) 

IEI (Interrupt Enable In) 

INT (Interrupt) 



29-22 Bidirectional data bus. 
39 Output, active Low. REQUEST (ready) line for DMA transfer; WAIT line 

(open-drain) output for synchronized CPU and FIO data transfer. 
38 Input, active Low. DMA acknowledge. 

37 Input active Low. Signals CPU read from FIO. 

36 Input, active Low. Signals CPU write to FIO. 

35 Input, active Low. Used to select FIO. 

34 Input, active High. Identifies control byte on Dq~ D7 ; active Low identifies 

data byte on DQ-D7. 
33 Input, active Low. Acknowledges an interrupt. 

32 Output, active High. Sends interrupt enable to lower priority device IE 1 

pin. 

31 Input, active High. Receives interrupt enable from higher priority device 

IE0 signal . 

30 Output, open drain, active Low. Signals FIO interrupt to CPU. 
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Figure A-10. Non-Z-BUS to Non-Z-BUS 



A-10 




PIN ASSIGNrCNTS 



Non-Z-BUS Kude: Port 1 Side 



Pin Sisals 



Pin Nijabers 



Signal Description 



Oq-07 (Data) 

REQ/WAIT (Request/Wait) 

DACif (DMA Acknowledge) 

RD (Read) 

iffi (Write) 

CE (Chip Select) 

C/D (Control/Data) 



11-18 
1 



Bidirectional data bus. 

Output, active Low. REQUEST (ready) line for DMA transfer; WAl7 line 

(open-drain) output for synchronized CPU and FIO data transfer. 

Input, active Low. DMA acknowledge. 

Input active Low. Signals CPU read from FIO. 

Input, active Low. Signals CPU write to FIO. 

Used to select FIO. 
Identifies control byte on DQ-D7; active Low identifies 



Input, active Low. 
Input, active High. 



INIACK (Interrupt Acknowledge) 
IEO (Interrupt Enable Out) 

IEI (Interrupt Enable In) 

INT (Interrupt) 



10 



data byte on Dq- D7. 
Input, active Low. 
Output, active High 
pin. 

Input, active High. 
IEO signal. 

Output, open drain, active tow, 



Acknowledges an interrupt. 

Sends interrupt enable to lower priority device IE I 

Receives interrupt enable from higher priority device 

Signals FIO interrupt to CPU. 





5-Wire Hands 


hake: Port 2 Side 


Pin Signals 


Pin Ntabers 


Signal Description 



Dn-D 7 (Data 

RFD/DAV" (Ready for Data/Data Available) 
DAV/DAC (Data Available/Data Accepted) 
DAC/RFD (Data Accepted/Ready for Data) 



CMP IV 

CLEAR 

DAIA DIR (Data Direction) 



OUT, 

OE (Output Enable) 
UU1 j 



29-22 Bidirectional data bus. 
39 Output, RED active High. Signals peripherals that FIO is ready to receive 

data. DAV active Low signals that FIO is ready to send data to peripherals. 
38 Input; DAV (active Low) signals that data is valid on buB. DAC (active 

High) signals that output data 13 accepted by peripherals. 
37 Direction controlled by internal programming. Both active High. OAC (an 

output) signals that FIO has received data from peripheral; RED (an input) 

signals that the listeners are ready for data. 
36 Output, input, open drain, active High. Signals that FIFO buffer is empty. 

3S Programmable Input or output, active Low. Clears all daLa from FIFO buffer. 

34 Programmable input or output. Active High signals data input to port 2; Low 

signals data output From port 2. 
33 Input line to Op of Control Register 3. 

32 Output line from D, of Control Register 3. 

31 Input, active Low. When Low, enables bus drivers. When High, floats bus 

drivers at high impedanre. 
30 tlutput line frum Uj of Control Rrgister J. 
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Figure A-11. Non-/-fcUJS to 5-Wi re-Handshake 



A-l I 



PIN ASSIGN* Hl r . 



Pin S&eyiaM 



»oi i-t>o^ rtnjc: roil 1 bioc 



Pin Suoto-rt. 



Signal Description 



On-0) (Data) 


11- 


EE.KA1T (haqucsi/aait) 


1 


DaTT (DMA Acknowledge) 


2 


RP ((teed) 


3 


B (ante) 


« 


ET (Chip Select) 


5 


C/6 (Control/Data) 


6 


lhlAC* (Interrupt Acknowledge) 


7 


ltO (Interrupt Enable Out) 


e 


1C1 (Interrupt Enable In) 


9 


INI (Interrupt) 


10 



data bus. 



Output, active Low. RCQUC5T (ready) line Tor DMA transfer; WAIT line 

(open-drain) output for synchronizer) CPU ar.d fib data, transfer. 

Input, active Low. DMA acknuwledge. 

Input active Low. Signals CPU read from FJfi, 

Input, active Low. Signals CPU write to FIO. 

Input, active Low. Used to select FIO. 

Input, active High. Identifies control byte on Dg-D? ; active Low identifies 
data byte on OQ-O7. 

Input, active Low. Acknowledges an interrupt. 

Output, active High. Sends interrupt enable to lowei priority device IE 1 
pin. 

Input, active High. Receives interrupt enable from higher pr ion ty . device 
ILO signal. 

Output, open drain, active Low. Signals FIO interrupt to CPU. 



2-Wire Handshake: Port 2 Side 



Pin Signals 


Pin Nuabera 




Signal Description 


Dq-D 7 (Data) 


29-22 


Bidirectional data bus. 


RFD/DAV (Ready for Data/Data Available) 39 


Output, RED active High. Signals peripherals that (10 is ready to receive 






data. DAV active Low signals that FIO is ready to send data to peripherals. 


ACK1N (Acknowledge Input) 


36 


Input, active Low. Signals E10 that output data is received by peripherals 






or that input data is valid. 


FOIL 


37 


Output, input, open drain, active High. Signals that EI0 buFfer is full. 


EMPTY 


36 


Output, input, open drain, active High. Signals that E1T0 buffer is empty. 


CLEAR 


35 


Programmable 


input or output, active Low. Clears all data from FIFO buffer. 


DATA D1R (Data Direction) 


34 


Programmable 


input or output. Active High signals data input to Port 2; Low 






signals data 


output from Port 2. 


INU 


33 


Input line to Dq of Control Register 3. 


0U1 


32 


Output line 


rom D q of Control Register 3, 


OE (Output Enable) 


31 


Input, activ 


! Low. When Low, enables bus drivers. When High, floats bus 






drivers at higti impedance. 


OUIj 


30 


Output line from D3 of Control Register 3. 



REO/WAIT £ 


1 


I 

I W 


] + 5 V DC 


Sack £ 


2 


I 


] RFD/DAV 


So E 


3 


I M 


J ACKIN 




4 


I " 


J FULL 


arC 


S 


36 


] EMPTY 


CIO C 


6 PORT PORT 35 


J CLEAR 


INTACK £ 


7 1 

SIDE 


1 2 34 
1 SIDE 


3 DATA DIR 


IEO £ 


8 


33 


D INo 


«c 


9 


32 


J OUT, 




10 Z8038 31 


JOE 


* c 




FIO 30 


J OUTj 




12 


29 






13 


28 


□ °. 


p.C 


14 


1 27 






15 


1 n 


J"' 


B.C 


16 


1 ,5 




».c 


17 


1 24 


3* 




18 


' 23 




TIE TO + 5 V £ 


19 (Ml) 


1 

22 


J Do 


GND £ 


20 


[ (Mo) 21 


J TIE TO GND 



81 = 1. Bo = 1 



Figure A-12. Non-Z-BUS to 2-Wi re-Handshake 



A-12 



2051-036 



J ) 



Registers Port 1 Control Register 3 

Address: 1010 
(Read/Write) 



L 



PORT 2 SIDE-INPUT LINE (PIN 33)" 
POHT 2 SIDE-OUTPUT LINE (PIN 32)" 
NOT USED (MUST BE PROGRAMMED 
PORT 2 SIDE-OUTPUT LINE (PIN 30)" 



= OUTPUT FROM CPU 

- = PORT 1 SIDE CONTROLS DATA DIRECTION 
1 ■ PORT 2 SIDE CONTROLS 

- = CLEAR FIFO BUFFER 

. = PORT 1 SIOE CONTROLS CLEAR 
1 = PORT 2 SIDE CONTROLS 



Port 2 Control Register 3 

Address: 1010 
(Read/Write) 



PROGRAMMED 



- DATA DIRECTION BIT 

1 = INPUT TO CPU 
= OUTPUT FROM CPU 
■ = PORT 1 SIDE CONTROLS DATA DIRECTION ■ 
1 = PORT 2 SIDE CONTROLS 0ATA DIRECTION 

- = CLEAR FIFO BUFFER 

- = PORT 1 SIOE CONTROLS CLEAR * 
1 = PORT 2 SIDE CONTROLS CLEAR 



•ONLY WHEN PORT 2 IS AN I/O PORT OTHERWISE THIS BIT RETURNS 



* READ-ONLY BITS 



Control Register 

Address: 0000 
(Read/Write) 



Li. 



RESET 

RT. JUST. ADDRESS (RJA) 

■ IB.KBo)' \ 

- Z BUS CPU 

1 -NON Z BUS CPU > 

1 D - 3-WIRE HS I/O POHT 2 f 
1 1 - INTERLOCKED MS I 

• 1 - VECTOR INCLUOES STATUS (VIS) 

■ I » NO VECTOR ON INTERRUPT (NV) 

. I - DISABLE LOWER DAISY CHAIN (OLC) 
. 1 = INTERRUPTS ENABLED (MIE> 



Control Register 2* 

Address: 1001 
(Read/Write) 



1 Q T ! d. 1 Os 



p« j o, | p, [ o, !"d7| 



Li" 

I 1 = 



PORT 2 SIDE ENABLED 
PORT 2 SIDE ENABLE HA 
BITS 2-J-NOT USED 



) 



Control Register 1 

Address: 0001 
(Read/Write) 



LL 1 . REOU 
— - WAIT 



REQUEST/WAIT ENABLED 



■ START DMA ON BYTE COUNT 

■ STOP DMA ON PATTERN MATCH 

■ MESSAGE MAILBOX REGISTER UNDER SERVICE* 

■ MESSAGE MAILBOX REGISTER FULL* 
E STATUS REGISTER COUNT 

I BE PROGRAMMED 01 



•READONLY BITS 



Figure B-l. Control Registers 



Interrupt Status Register 

Address: 0010 
(Read/Write) 

| D, I D. , D, 0, I D, . 0, O, D, | 



T 



. NOT USED 
(MUST BE PROGRAMMED 0| 

■ MESSAGE INTERRUPT PENOINQ 'IP) 



- MESSAGE INTERRUPT ENABLE (IE) 

- MESSAGE INTERRUPT UNDER SERVICE (lUS) 



IUS. IE. AND IP Al 
THE FOLLOWING 

NULL CODE 
CLEAR IP * IUB 
SET IUS 
CLE* R IUS 
SET ip 
CLEAR IP 
SET IS 
CI EAR ti 



figure bV2. interrupt Status Hagistsrs 



B-1 



Register: 



(Ke=d-Write) 



D*T* DIRECTION CHANGE INTERRUPT 
UNDER SERVICE IIUSI 
DATA DIRECTION CHANGE INTthRuPT 
ENABLE (IE) 

DATA DIRECTION CHANGE INTERRUPT 
PEND'NG (IP, 
IU5. IE. AND tP ARE WRITTEN USiNO 
THE FOLLOWING COMMAND 

NULL CODE 
CLEAR iPl IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR (P 
SET IE 
CLEAR IE 




1— , „ PATTERN MATCH FL AO" 

PATTERN MATCH INTERRUPT PENDING (IP), 
PATTERN MATCH INTERRUPT ENABLED (IE) 
PATTERN MATCH INTERRUPT 
UNDER SERVICE (IUS) 
NOT USED 

(MUST BE PROGRAMMED 0> 
IUS. IE. AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND 

NULL CODE 
CLEAR IP ft (US 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



•READ-ONLY BITS 



Interrupt Status Register 2 

Address: 0100 
(Read/Write) 



|o>'o t p.. I P. 



BYTE COUNT COMPARE INTERRUPT - 
UNDER SERVICE (IUS1 

BYTE COUNT COMPARE INTERRUPT - 

ENABLE (IE/ 
BYTE COUNT COMPARE INTERRUPT . 

PENDING (IP) 
IUS. IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAR IP A IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 



0] | 0- 1 D, ' C | 



UNDERFLOW ERROR- 
INTERRUPT PENDING {ID} 
INTERRUPT ENABLED (IE) 
ERROR INTERRUPT UNDER SERVICE (I 
OVERFLOW ERROR' 



IUS. IE. AND IP ARE WRITTEN LJ 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAR IP * IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



< 



•READ-ONLY BITS 



Interrupt Status Register 3 

Address: 0101 
(Read/Write) 



FULL INTERRUPT UNDER SERVICE (IUS) 
FULL INTERRUPT ENABLE (IE) 
FULL INTERRUPT PENDING (IP) 
IUS. IE. AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODE 
CLEAR IP A IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



BUFFER EMPTY- 
EMPTY INTERRUPT PENDING (IP) 

• EMPTY INTERRUPT ENABLE (IE) 

• EMPTY INTERRUPT UNDER SERVICE (I 
BUFFER FULL* 



IUS. IE. AND IP ARE WRITTEN USING 
THE FOLLOWING C 

NULL CODE 
CLEAR IP ft IUS 
SET IUS 
CLEAR IUS 
SET IP 
CLEAR IP 
SET IE 
CLEAR IE 



* READ ONLY BITS 



Figure B-2. Interrupt Status Registers (Continued) 



B-2 



2020-024 



Registers 

(Continued) 



> 5 



Byle Count Register 

Address: 0111 
(Read Only) 

[P^ I D g | 0, ! D, | 0, t D, I D, Id7| 

I I I M I I I 
REFLECTS NUMBER OF BYTES IN BUFFER 

Figure B-3. Byte Count Register 



Interrupt Vector Register 

Address: 0110 
(Read/Write) 

I D, I D, i Oj I 0, j D, ] D, [o, [ Q a 1 



VECTOR STATUS 



NO INTERRUPTS PENOfNG 
BUFFER EMPTY 
BUFFER FULL 
OVER/UN0ERFLOW ERROR 
BYTE COUNT MATCH 
PATTERN MATCH 
DATA DIRECTION CHANGE 



Figure B-4. Interrupt Vector Register 



Message Out Register 

Address: 1011 
(Read/Write) 

| 0, | 0, j 0, | O, | D, I D, [ 0, j 0^1 



Pattern Match Register 


Pattern Mask Register 


Address 1101 


Address: 1110 


(Read/Write) 


(Read/Write) 


| O, ; 0, ! 0, I 0. | D, | 0, | D, | D, | 


[ D, | D, . D, D. ' D, ; D, | D, | 0, | 


1 1 1 1 1 1 1 1 M 


STORES BYTE COMPARED WITH 


IF SET, BITS 0-7 MASK BITS 0-7 


BYTE IN DATA BUFFER REGISTER 


IN PATTERN MATCH REGISTER. 




MATCH OCCURS WHEN ALL 




NON'MASKED BITS AGREE 


Figure B-5. Pattern Match Register 






Figure B-6. Partem Mask Register 


Data Buffer Register 


Byte Count Comparison Register 


Address: 1111 


Address: 1000 


(Read/Write) 


(Read/Write) 


| D, | 0. | 0, | 0. | 0, ! D, | 0, ; D„ | 


1 D, 1 D, ! 0, 1 0. D, 1 D, D, 1 D | 


Ml MUM 


CONTAINS THE BYTE TRANSFERRED 


CONTAINS VALUE COMPARED TO BYTE COUNT 


TO OR FROM FIFO BUFFER RAM 


REGISTER TO ISSUE INTERRUPTS ON MATCH 




(BIT 7 ALWAYS ) 


Figure B-7. Data Buffer Register 


Figure B-8. Byte Count Comparison Register 



Message In Register 

Address: 1100 
(Read Only) 

| D, I 0« | 0, j 0. ' 0, | 0) I Pi | Ob | 

I I I I I I M 



R ON OPPOSITE PORT OF FK> 



OUT REGISTER ON OPPOSITE PORT OF CPU 



Figure B-9. Menage Out Register 



Figure B-10. 



L> 



Absolute Voltages on all inputs and outputs 

Maximum with respect to GND -0.3 V to +7.0 V 

Ratings Operating Ambient 

Temperature 0°Cto+70 o C 

Storage Temperature -65°Cto +150°C 



Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



Standard The characteristics below apply for the 

Test following standard test conditions, unless 

Conditions otherwise noted. All voltages are referenced to 
GND. Positive current flows into the refer- 
enced pin. Standard conditions are as follows: 



+ 4.75 V < V cc < +5.25 V 
GND = V 

Ta as specified in Ordering Information 




I. 



FROM OUTPUT e 
UNDER TEST 



Figure C-l. Standard Te«t Load 



Figure C-2. Open-Drain Test Load 



DC 


Symbol 


Parameter 


Min 


Max 


Unit 


Condition 


Charac- 














teristics 


V IH 


Input High Voltage 


2.0 


?cc- 














+ 0.3 


V 






V,L 


Input Low Voltage 


-0.3 


0.8 


V 






V OH 


Output High Voltage 


2.4 




V 


Iq H = -250 mA 




Vol 


Output Low Voltage 




0.4 


V 


Iq L = +2.0 mA 










0.5 


V 


Iql - 3.2 mA 






Input Leakage 




±10 




0.4 = V IN = +2.4V 




k. (Mo. Mj) 


Mode Pin Leakage 




±100 


f* 


0.4 = V IN = +2.4V 






Output Leakage 




±10 


mA 


0.4 = V OUT = +2.4V 




Ice 


V cc Supply Current 




250 


mA 






V cc = 5V ± 5% unless otherwise specified, over specified temperature range 






Capacitance 


Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 






Input Capacitance 




10 


pF 






C OUT 


Output Capacitance 




15 


pF 


Unmeasured Pins 




c i/o 


Bidirectional Capacitance 




20 


pF 


Returned to Ground 


Inputs 


tr 


Any Input Rise Time 




100 


ns 






tf 


Any Input Fall Time 




100 


ns 





f = 1 MHz. over specified temperature rnr.oe. 



B 



N 



Byte Count Compare register, 2-7, 3-16, 3-21 

Byte Count register, 2-1, 2-4,5, 2-7, 3-4, 3-6, 

3-8, 3-20,21, 4-4,5 
Byte Count Register Freeze operation, 3-21 



non-Z-BUS, 1-1, 1-3,4, 2-3,4,5,6, 3-1, 3-6,7,8,9, 
3-14,15, 3-19, 4-1,2, 5-4 



Clear operation, 3-22,23 

Control Registers, 2-1, 2-4,5,6,7, 2-11, 3-3,4, 
3-6, 3-8,9,10,11,12,13,14, 3-16, 3-20,21, 
3-23, 4-1, 4-2, 4-4, 5-1 



Data Buffer register, 1-2, 2-1, 2-4, 2-7,8, 3-1, 

3-4, 3-6,7,8, 3-10,11, 3-20,21, 4-4 
Data Direction operation, 3-21,22,23 



operating modes, 1-1, 1-3,4, 2-1, 2-4,5, 3-1,2 
output handshake, 2-7, 3-10,11,12,13, 4-5 



Pattern Mask register, 2-4, 2-7,8, 2-10, 3-4, 3-6, 
3-8, 3-21 

Pattern Match register, 2-4,5, 2-7,8, 2-10, 3-4, 

3-6, 3-8, 3-21 
Port 2 1/0, 2-3,4,5 



Empty, 2-3, 2-11, 3-2, 3-10,11,12, 3-17, 4-4,5, 
5-5 



register addressing, 2-1, 3-4, 3-6, 3-8 

Request Hysteresis Operation, 3-16 

Reset operation, 3-1, 3-4, 3-6, 3-9 

RJA, 2-1, 2-4,5, 3-4,5, 3-8, 4-1,2, 5-1,2, 5-5 



Flyby operation, 3-14,15 

Full, 2-3, 2-5, 2-11, 3-2, 3-10,11, 3-17, 4-4,5, 
5-5 



input handshake, 3-10,11,12,13, 3-23, 4-5 
Interrupt operation, 1-4, 3-3, 3-7, 3-16, 3-18,19 
interrupt registers, 2-8,9,10 

Interrupt Vector register, 2-9,10,11, 3-4, 3-6, 
3-8, 3-19,20 

interrupts, 1-1, 2-1, 2-4, 2-8,9,10,11, 3-1, 3-4, 
3-17, 3-19,20, 4-4,5 



Wait operation, 3-14 
Z 

Z-BUS High Byte, 1-3,4, 2-2, 2-5, 3-5,6 
Z-BUS Low Byte, 1-3,4, 2-2, 3-3, 5-1 



2- Wire handshake, 1-3, 2-3, 2-11, 3-1,2, 3-9,10 

4-1, 4-4,5 

3- Wire handshake, 1-1, 1-3,4, 2-3, 2-6, 2-11, 

3-1,2, 3-12,13, 4-1, 4-4 



Message In register, 2-4,5, 2-8,9, 2-11, 3-4, 3-6, 
3-8, 3-19,20 

Message Out register, 2-4,5, 2-8, 3-4, 3-6, 3-8, 
3-20 



1-1 



